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[ Summary ]

A Study of the Nutritional and Chemical Properties of Amaranthus:

Its Food Functional Characteristics and Utilization

Amaranthus L. are edible plants that are rich in protein, dietary fiber, minerals,
and vitamins. Neglected by researchers, it was considered an underutilized food
crop by the U. S. National Academy of Sciences, 1975. Amaranthus L. has many
varieties that are classified A. vegetables, A. grains, etc. In spite of great
promise, there have been few reports on its nutritional and chemical properties.

The objective of this study was to analyze the edible amaranthus which are
cultivated and used in food preparations in Japan. There are 12 varieties:
Rarushaku, BAYAM.M, BAYAM.P, ABIEBIE, Maruba, Yanagiba, and Baiamu
which belong to A. vegetables and Mexico, Nairobi, Nouken ¢.91-3, K4, and
Akou which belong to A. grains. Since the young stems and leaves of A. grains
are used as vegetables, the chemical composition of the leaves of all 12 species, in
addition to the five grains, was determined.

Analyses of 100 g of dry matter of amaranthus leaves and grains showed the
following, mean £+ S. D. :

1) The color of the rinds of A. grains was light yellow or light red,
and they weighed from 0.39 g to 0.76 g per 1,000 seeds.

2) Composition: crude protein 24.9 + 52%, crude fat 2.5 + 0.8%,
ash 21.3 = 1.6%, and carbohydrates 51.2 = 7.0% in 12 A. leaves:
crude protein 16.4 = 1.1%, crude fat 5.2 *+ 0.7%, ash 3.0 + 0.2%, and
carbohydrates 75.3 + 1.7% in five A. grains.

3) Dietary fiber (D.F.) content was high: water soluble D.F., 8.1 + 4.5%, and

water insoluble D.F., 39.5 = 1.8%, in 12 A. leaves; water soluble D.F.,
2.8 £ 0.1%, and water insoluble D.F., 10.6 + 0.4%., in five A. grains.

4) The calcium content was especially high and iron, phosphorus, potassium,




and magnesium were also high: Ca 4,500 * 1,041 mg, P 1,068 + 154 mg,
Fe 33.5 + 29.4 mg, K 8,323 + 1,776 mg, Mg 710 £ 163 mg
in 12 A. leaves; Ca 339 + 50 mg, P 736 + 56 mg, Fe 6.9 + 1.4 mg,
K 303 * 40 mg, Mg 240 £ 7 mg in five A. grains.

5) Vitamin content was high: carotene 34,864 + 23,393 g,
ascorbic acid 622 = 239 mg in nine A. leaves; thiamin 0.06 + 0.01 mg and
riboflavin 0.18 £ 0.03 mg in five A. grains.

6) The main fatty acid components were Linolenic a. 53% for A. vegetables,
and Linoleic a. 43% and Oleic a. 31% for A. grains.

7) The mean amino acid scores were 67 by the 1973 FAO/WHO standard
pattern for adults and 73 by the 1985 FAO/WHO/UNU standard pattern
for preschoolers, 2-5 years of age. The lowest scores were for Valine and

Leucine by the standard patterns of 1973 and 1985, respectively.

Next, the taste components, including free amino acids, free sugars, free
alcohols, and organic acids, were identified.

1) A. vegetables had 18 kinds of protein type free amino acids and seven kinds
of non-protein type free amino acids. A. grains had 20 kinds of protein
type free amino acids and five kinds of non-protein type free amino acids.

2) The amount of total free amino acids was 1,240 + 190 mg in A. vegetables
and the amounts of those most concerned with taste were as follows:
alanine 380 * 140 mg, glutamic acid 320 * 60 mg, aspartic acid
100 * 40 mg, serine 40 + 8 mg, glutamine 30 + 10 mg,
proline 30 = 20 mg, asparagine 30 = 3 mg. The amount of total free
amino acids was 370 &= 80 mg in A. grains. Ninety percent of both groups
were protein type free amino acids.

3) y- Aminobutyric acid was the most abundant non-protein type free amino
acid, 80 = 70 mg in A. vegetables and 20 * 8 mg in A. grains.

4) Total free sugars were 3,170 = 1,100 mg in A. vegetables and

6,200 = 3,470 mg in A. grains. A. vegetables were richest in sucrose,
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1,840 * 1,080 mg, followed by glucose, 1,000 = 450 mg, and fructose,
320 = 70 mg. Similarly, A. grains were richest in sucrose,
3,730 £ 2,840 mg, followed by glucose, 2,170 * 950 mg, and fructose,
290 = 170 mg. Free alcohol content was as follows : A. vegetables
contained glycerol, 70 = 10 mg, and A. grains contained glycerol,
170 £ 60 mg and sorbitol, 140 + 80 mg. Free sugars and free alcohols are
also involved in taste.
5) Oxalic acid was the main organic acid constituent, 480 + 210 mg in

A. vegetables and 700 + 250 mg in A. grains.

Another objective of this study was to determine if edible amaranthus contains
any natural antioxidant materials. 17 samples, 12 leaves and five grains, were
screened using ethanol extracts in a methyl linoleate oil system. Fifteen of the
samples contained rather strong antioxidant activity. The 15 active samples were
further examined by testing ether, ethanol, and water extracts emulsified in
linoleic acid for 100 days. The results were as follows: thirteen of the 45 samples
had rather strong antioxidant activity. The extraction solvent had an effect on B
the active components.

These 13 active samples were further examined for synergistic antioxidant
effects with citric acid and «-tocopherol, heat treatment at 100 °C, and
pH treatment at pH 3.0, 5.0, 7.0, and 9.0. Eight of the samples were also
examined with a minced pork model system. The results were as follows :

1) Seven samples had strong antioxidant activities: water extracts of the leaves .
of ABIEBIE, Yanagiba, and Nairobi, ethanol extracts of the leaves of
BAYAM.M and ABIEBIE, and ether extracts of the leaves of Baiamu and
Nairobi.

2) Water extracts of ABIEBIE and Yanagiba leaves showed a synergistic p
antioxidant effect with citric acid, and water extracts of ABIEBIE and

Yanagiba leaves and ethanol extract of ABIEBIE leaves showed

a synergistic antioxidant effect with « -tocopherol.




3) Water extracts of ABIEBIE and Yanagiba leaves were stable against heat
treatment at 100 C for 2h.

4) Water extracts of ABIEBIE, Yanagiba, and Nairobi leaves were stable at
pH's 3.0, 5.0, 7.0, and 9.0.

S) Water extracts of ABIEBIE and Yanagiba leaves and the ethanol extract of
ABIEBIE leaves showed activity with a minced pork model system. The
synergistic antioxidant effect with the addition of citric acid or
a -tocopherol showed a stronger antioxidant activity.

Next, seven samples were mixed with refined lard to test for the stability of the
antioxidant component. Only the water extract of Nairobi leaves retained strong
antioxidant activity for 100 days.

The HPLC (High Performance Liquid Cromatography) method for evaluation
of the free radical-scavenging activity of foods, using
L,1-Diphenyl-2-picrylhydrazyl, was used in 13 samples. Eight samples showed
free radical-scavenging activity. Three of these, water extracts of ABIEBIE,
Yanagiba, and Nairobi leaves, showed the particularly strong free R

radical-scavenging activity.

Finally, the starch in A. grains was tested for its characteristics and its
suitability by baking biscuits.
1) A. grains had about 50% starch, mostly amylopectin, 92 ~ 96%.
2) The starch granules were very small, 2.0 + 1.0 pm'. \
3) Amylography showed K4 and Akou starches swelled more with
resulting damage to the starch. e
4) The maximum swelling was 10.5 for Mexico, 12.9 for Nairobi, and J?
19.0 for K4 at 82 C, and 13.0 for Nouken ¢.91-3 and 19.0 for Akou i
at 93 C.
5) Analysis with a texturometer showed that the swelled starch was

gelatinous and soft and remained soft and lacked adhesiveness at 4 °C.
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6) The starch of A. grains increased brittleness in cookies. When biscuits were
made from 30% A. grains powders and 70% wheat flour, they were
crisper than the control biscuit (100% wheat flour). Biscuits using K4

or Akou grain's powders were especially crisp and had higher sensory

evaluation scores (tastiness).

In conclusion, A. vegetables and A. grains are excellent nutritional foods and
hold promise as sources of protein, dietary fiber, minerals, and vitamins. The
characteristics of the starch are suitable for use in food preparations, and water

extracts of edible amaranthus have natural antioxidants.
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BRATEORYBHES B IIZLALERBOLRR D2 EhbEM TS
nko,

FRRATIVFAORDBERICHOTHERNALICOFTBBIZEALE L
ERRVE, TR MRS R LB T 5L, SDF i 2.2 5. IDF i 1.5 1%
EMWETHo T, e, BITRSRY R CRBES N TV EIBEOBHSED
FIMEE LB S DL, SDF it 1.4 f5. IDF iX 3.1 {5 LB W METho 7,

BBEICOVWTH, BB DARVE, BF 12 BOBBEIX. Na 02

AEPFEEIEL, Ca, K, MgDEHBEBH VIV Ezeala D.0.'" 0
BE—BLEERRBLNE, $7-. MITRAR DR EBEGOMELRS
BRVCINBSA TV EHR 115 MO EHEL BT 5L, Ca il 8.8 % &5

AT
o U WLy

P B e B A e

R L Y,

il

i
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WE<, MgiX 3. 7%, FelX3.6f%, MniZ3.5f%F, KiX2.9fF, PiX 2.8 (%
CEWETH T,

FEHASEOEME S &L, LITRMBMSH R, Singhal R.S.”7, M
LOFHHLLEBTDHE, Fe, Na, K, Zn ., Cu KEBROLNIE, T4b
H, A. hypochondriacus @ Fe & F BiX, Singhal RS.OFEICLDE 7.5
~ 21.7mg ZRL, AW EROEHED 3.1 FE T MERHo7-, Na
IZ2W Tk, Singhal RS.XCHERELOHE T 6.7 ~ 100mg THo=2, &
FERPHLITRMEIBZTRDL TN 1 ~ 2mg THok, K& Zn IO T
HHEITRARTROKMA, Singhal RS.OBEOKFHMEIVLEICHEL,
K Tt 1.2 %, Zn T 1.5 ThHo7%, A. hypochondriacus ® Cu EF &
i, AT R GRS # X Singhal R.S.OBEICLBHE 600 ~ 1,000 pgZ L,
FHTREROFEEED 2.3 ~ 39 FLEEHWETHo7, RBEZOMOEHEREIC
DOWTIHEBEMIZIE—BHLE, £, BiTTRHK IR CNBEI L TVWIE
BFOBMSHMOEHHEEH BT DHE, Ca ik 21.2 fFLFICHL, P & Fe X 53
ff. KiX1.8fF. £EL T Mg L Zn OOHELXBREOBHSHEO VL HHEL LB T
e, Mgid 4485, Zn X 3.9 fBEVTFhbEWETH- 7,

BRAT< IV ADEHIVEO S, EHIV C 220 THHI D H
THLHE, FIFERX, T THESNRTVWAEE 62 ~ 209mg LIFE—
Bl ¥, ZUHOFEHEZMITR BRI R ICRBEH TWHIHF R 115
MOVEMELHETHE, huT U 4.2 FEFICHEL EXIV C ik 2.4 5,
FAT 21 THoT,

TEASHEOEREIL, AMBDOLBVREFREPT TN TDHED, M 15em &
SV, B4y C BeAnT U ER BRAABICHE X TORP2EDOR, T
DD TIRRVNEE XS,

BRAT 5o RA0ONBHII6 ANLI0AET, EFHBBWLL A &




v, ZORHIX, ERXREOHMESMET I 28 L KT 5, Z20kD,
FROEXBOHMERRZEZMOINI TR, BRY#ME. Ca ¥V C,
a7y OERELTH, SBRERBT RERMEMEEZZIDND,

FEMASEOHEIL, LIATRMERI K, Singhal R.S.* HRE*'HD
WELIZIE—BLE, £, OO EHHEEZEITRAER TR ICINBEIN T
WOIBRBOBRSHEDOLHHEL LT DL, UFI B kX 2.8 f%. B: X 3.0 f§ &
BWETH- T,

BRATEOBEHBEERICOWTI, afIBIREAYZ LRV, HE
AREEERSRORINBESL TWE/IRE, KRE, VLYY OIRR
MR EEEL T\, FEMASEOIERBEMEMRIX, BES X Bressani R.”
DRELIFFE —HLE, 72, HiTRAERS R OB L AR aF s
BLOBISEHIZE —BLE,

FERHOTI/BMAaT L, Singhal R.S.*” X Rita A.Teutonico *’ D # &

kB A— ROV THOPRVDOERRLNDEBELTVAHR, S

HREYTHE, A—-GETOERIRONUANoL, £k, ThHORRE KT
AASML7I/BERE DICRBSHLTOWEERED 1973 EAFVICE ST
UBAIT BT DL, TYIVY R, THLBHO 92 XA —F i
TR 76 ICRBDH, KKK, TARLR, WEK, TAEB, MLEE y
FRRET, bOHBERO 35, eI HaRO 29 . MABO 38, 2 —>7 S
Yov o 32 REXVIIENCENTVE, ELRE TR, THESTREI—KK E
BWOE—HIRTI/BBY DY THEDICRL, 72T ¥ ALY D2 s
MENZENnE, BEET TV ARHHTILEREDERHMHFETES
bOLEZ LIS,

I

LU, RBETITVTADARIBERBI. ANV NERECER 4 l'
YRIBREEK 6.25 " VHDBNIE 5.85 PPV ERRLTROLEATWS, IV 5“




F—WVIECEVBESNIBRII. YR 7E, EET7I /BB RTIH0
OB, TR, 7T E=T REDF I RIBEREZELLOTHD, L
EROT. RO IBERBROARBICIL, EF VN IBEROEBTRALE
EERCLOLBERDY, FRLOTI/BAFTELLICER SV /ERE
BREORELBTONL 2255, SEBELEZ R IBH#RTI/ B
BEb LTI/ BRBRERZRERBECRIDZIFEPVCIVEBLEER—¥
YRIVBBRRBEIX, T Aat D 3.95 LHREED 4.56 T, EH 4.16 LRV E
ERASHTOIRMEIVOENRVEL, T30 P ROF UV RIBEESBOE T
KBRLT,. ZRBEBEEZDIEND, 4%, EERMZHED T L ER
HbHLEERD,

FAH E M

RATZVPFR12BIZOVT, BRSO EITo7,

DFEROBROEIL, WRAEFIIKRALE, FREIX 0.39 ~ 0.76g T
Hotl-,

DRA 12/, FU RN E 249+ 52%, IEE 2.5+ 0.8%. K4y ‘
213+ 1.6 % THY, FEHGHIX. F " 7H 164+ 1.1 %, FE

52+ 0.7%, JK4r 3.0+ 0.2 % Tho', 7

TL

/M 12 X, SDF 8.1+ 45%, IDF39.5+ 1.8%, Z/lu—2A

126 £ 1.3 %, ~IENB—X 32 £ 0.9 %, ADF U7/ =229+ 03 % T

S 1 e i
R PR

HY, FERMSREIX. SDF 2.8+ 0.1 %, IDF 10.6 + 0.4 %, /11 —X

= T
Lo pre sl | i BT

A<e¥

3.6 £ 0.6 %, ~IENAO—ZX24*0.7%., ADF—-UZ =225+ 0.6 % Th

=

o

R A 12 Mk, Ca 4,500 = 1,04lmg . P 1,068 = 154mg . Fe

Ly

33.5+ 29.4mg . Na 53 + 8mg . K 8,323 + 1,776mg . Mg 710 + 163mg .

s
-
o
W4




Mn 10 = 6mg. Zn 5,615 * 1,263 pg. Cu 355 + 302 ug THo. FEAHS
i, Ca 339+ S0mg. P 736 £ S6mg . Fe 6.9 + 1.4mg .

Na2* Img., K303 * 40mg., Mg 240 = Tmg . Mn 3 + 2mg ,

Zn 3,484 + 674 pg, Cu 225 + 40 pg ThHot-,

SIRA 9 ML, AT 34,864 + 23,393 pg, EX3I2 B.10.16 + 0.05
mg, E¥IV B:1.76 = 0.38mg . T A7 14.2 + 3.7mg . B ¥ C
622 + 239mg THY, FEMHSMEIL,. EZIV B: 0.06 = 0.0lmg , E¥3I B:
0.18 £ 0.03mg . 747 1.5+ 0.3mg ThHol-,

O MR AR 1L, BF R TR CIZ. U /LB 53 £ 2%, SAIFUR
17£1%. Y=V 14 1% THY, +EHSETIZ. V) — LB
43+6%,.FLAVB3I1 £ 4%, NAIFUB21 £ 3% Thot,

6)FEMSEOTI/BAaT X, 1973 4£ FAO/WHO R¥ L2 EBE 67 .
1985 £ FAO/WHO/UNU R¥ZXBHE 73 Thot-, B—HIRT I/ BIL.
1973 £ (=R A I LD LYY, 1985 £ (2~5A) ICkdlulsr Tho
.
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BB L UMM, B2 RS IR LEFRELE,
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FEHET I/ BOBEIXEE 0.5g 1& 70 %= ) — VB S0ml Nz AE
TFAXL, 100 COERET 30 rEMBEHRE, SR, 2 E2E7-,
HEEIXEICFAKROFBET2EIMHL, ABEEbEE, RNT 40 TLUT
THRERMEL, P F L —F NV CHIE#. pH2.2 72U BIVF 7 ABHEK
TERLABBREL, X7/ BBBH M #H (AL L-8,500A ) %4
AL, EEBIITHEICEY, U VEHRBRTI/R 1| SBT3
B 31 EEpHL. V—J0RERELREOBEHKEMOLBIZIVITo 1,

(2) WHERE -BET N o— 1

HRERE -7 a— VORI iR E 5g ZERE., 70 %) — LEEKT
5ml L —BEBEE. 4,000rpm TISHHELOBL, EBEE
0.45 pmDT7 ANVF—THIRL, ABHEKELZ, i, BEKE IS
77%ERL, EERTITHS L-6,000 | B HBRIC AL RI-L3,300 % F W
oo BIERMFIX. AT A A C-610 (10.7mm ¢ X 300mmL ) ZH\, 45
ARE 60 C, H#E 1.0mI/min , BEMHAHAKTHHLE, U—20RER
R EOBEHEROEBICIVITY, F—F 0B Zu~h7 —#4LH8 (B 3
D-2,500)T{T o7z,

3) Hugme

FHRBEOBE, EBEBERCERLY, TRA7u~vh /57 (B
GC-4CM PF ) TH#H L&, BRE 1.5 ZBRE. 80 %% /— LA 60ml
EMABETFAXL 90 COEBRHFT 15 2EMBBEFER, 58L, 5E%
Bl MHBREREICRROFECTIEHMEL, ABEESbEE, AT
0.IN-KBET T LK TH MK, 40 TLLTF CHRERML 10ml LLFE
L.ELGBELTEE LBEA A4 ZRBIENTAICE L, AERERON
ERM% Tableld ICRLE, P —2Z0OREREHLOBEHBEMOLBICLY

TV, F—2 Az ra~vh v 7 (BE C-R6A)TITo 1=,




RE,.ERTERT, EHEMEBRE 100g 47-VOEMETRLE,

g2 & R
1. WEHET 3 MR

GHETI/BRDOSHT % Table14-1,2,3 IC/RL7-, BEAHTE Cx¥ /7
EWMRT7I/BRISH, SOV EHMRTI/BBTHE, 3258, FEHSET
XEUNIBEBRTI/ B 220 . UV EHRBRTI/ MM, 25 EaR
HEnWE S, BERET7I /RS EIX, XA TIX 1,244 + 195mg . T
EHTIX 375 £ 85mg Thol, BRALFEAIL. WThbyL I EH#
BT7I/BEEPEL ZORAIL 0% Thot,

BRATIX, o "7EBEBRTI/BFTF=0 381 + 147mg TELE
LRWTTVEI B 330 + 67Tmg . TAXTFTX R 108 + 45mg DIE T, =
NOSEEIIRERT7I/BEEOK 65 2R L T\, VRAFU, AF A
SVHBRHEN R o7, SR EIBRT I/ BTy —T I BB R
80 £ 76mg THRHLEL, KW Ta—TI/TVE B 18 £ 4mg Thot, ¥
Way s/ VAREFF =y 1-AFNERF T 3-AFAELARAF OB HE
Nibpol, FERTIR. FVRAI7EBERRTI/BETRTRHSh, T
TAE=UPR 59 + 2Ilmg THRLEL, KWTTVEIVB, TARGEVRR,
TI=  TNWEIV DB ThHote, EF NI EHBRTI/B Tty -T2
/BN 23 * 8mg THRLEL. KWTB-TI=V, a-TI/)TOEVRT
bole, yravy, a-TI/EBRR. VAIFF=, B-TI/AVER.

I-AFNVERF TV 3J-AFAEARAF ORISR o,
2. WEHERE BT Lo — LR

GRS BT Vo — L O HTEE Tablel5 IR, R FEES BiT. 5
XM TH 3,175 = 1,016mg . F £ Tit 6,204 + 3,108mg Th o7, 3RE




100g FOEBOFEMERE S BE A58, BEA T, 27— 2R

1,846 + 1,086mg THRHEL, WNTT A3 —ZR 1,000 + 453mg , 747k
—AD 329 + 75mg OMHTHolz, FEHTHAIZa— X 3,735 + 2,842mg
TRLEL RNVTTa—20 2,170 = 959mg . 77 h—ZD 299 + 173
mg DR TH-7-,

I, RE 100g FOBBOBETNVa— L& EERDE, BEHTIT. YL
Er—ABINY ¥ =2 DH T 35mg , ZUEu—R 77 + 16mg . FEAT
[ YV ER =L 144 £ 80mg . Ut — L8 179 + 60mg ThHot-,

3. F B R A AR

AR OIHTE% Tablel6 IC/RLT, B Tk, a7 8iL 489 + 211
mg., 7T ERIX 80 + Somg . WERBII AT AXBRIGE TR
42 + 2d4mg AV TV BRIEINAYLEA, T AE WEOIE TR
HSh, 14 £ Tmg , VT RIIAED L T 152mg Thote, FEMTIE, &
2V BRIL 702 £ 254mg . /Y7 BITFAub, BHFY 91-3 KAO3IFET
BRHISN 11 + 3mg . BARIZEFE 91-3 bARBEO2BETRHSh . WTh
bSmg ., 7 UBIIAX DA TRIBEN 2mg THo 7,

F3H E =B

HRXATROEM7I/BEROEERLLOIX, —BNICHHIALTVWS
HRIZOWTOER™ " LIZIERL CTho,

FEFEASEIORHEIN - ERTI/BRESE %, BEOX Vit
DEREBETI/BERIIKON 22 FThot, KOFLRIBHRTI)
BROILEERLDOIE, ERPHKERTEINEIVE, TARGTX VB, T
T7EUTHY Y IRL3EEBRERT I RS EOK 60 %EMRL TN
TR, FERTIR, 2OH AN 19 %IT@X Rh ok, LOL, BF BIEK

T i AT S SR T

.

g s
il il



6REEKRZILONIT LB > TWE, — K, FEAOREMRTI /BSEON
16 BICHTDT AKX =3, EREZTIOIHETHY O SO APLE
AT MITAAT2BECERTOILERLLINbLAR W, #U RIE
LTI/ BRE BRI, RKITEMEEZRL, v -T7I/BBY Img BTE IRl
TERTIIKOK I2ETHHT-,

Ry Yy IR, BERZILOET A2 EFRETHE, HoOBOER
BOLERED 100g B2 OB FERERE S &1L 675 £ 335mg T, RZu—2
193 £ 232mg , 7/ —Z 289 + 167mg . 7/V7bh—2R 193 + 137mg TH 5
TR ZNLOBEESEISHCAVETERTREOEEES B V2 4R
B 100g H1EDICHBELTHBT S8, RIEEERES &I 0.7 5. /1 a— X3
0.5 fF. ZNVIb—RX 02 fFLENENEMTHoEH, R7u— R 1.4 %
ERXRHWETH-7, FEATH, kDRIZ7—2 242 ~ 1,220mg . 7 L2
—RA 7~ &2mg", FA/NRDAI1—R 479mg , V1 —R 60mg . 77k
—A T3mg", RRKEDAZ0—R 840 ~ 1,170mg ., F V22— R TN Ih—
AT 250mg Hi#% . bxD /N a—2R 1,798mg I R, HEERE A MR £L
FORMETHY, ERICHEMTHEEZIOND, Lo T, ZOKELZENLE
FREZSBBHLEV,

BV YYDaBERIL, EREZEL TERED 100g 4720 600 ~
LO0OOmg““ " CHLENR, SEDHICHAVWEBERATEO  27BS & VL. &
MEEBRE 100g Y-V OEET 253 ~ 787mg B EE T, ££% 100g %70
THM 36 ~ 113mg &7425, ZDO& RiX, Singhal R.S.OOHE rhsdHE
BOVEEE, £ EEHE 100g 470 470mg LI1FIF— KL TV,

L7 Iris Ruhl b Y, 19 MOBFRBEIC VT avBERG6EOH H
MEBEL TVDH, £8EY 100g X7-0D7T it 85 + 8img . BAE
HUVZR =v oy ZalBo6BIz X 3Hr&h, 6 + 3mg Thd, 2hbd




DEELEESIICHNCERRATEOB AR/ BEE "2 A RY
100g SEVICBRRALTHBE T2 BRATHIEGRSENXIZITELL, 2
TURIT0.14 FLEFETH T,

FEASEO 2B E & I, Singhal R.S.”%X° Prakash D.0O#& 9L
IEE— L7,

BRAT~70 YR, ERICEBRTDEEXLNDUERET 820 M
FHMOBERELABRESAL. TO LY avBREER L RVWED , FHEICH
AL BRLLT W,

FREATIFUY R, FRI BB B R RPTHYD S FER
B, FEZRICBEBRTIERT7I/BLEE THHIZL0LBERORAL
LTOMAMESENEEZLND, Bic, HEELERICESHTHIEN
b, TR AL+ ZICEZHND,

F4H E K

FRATHL TEMOE, 3 12 MOBEETI /B, HEHERE- 7L — 1,
FBRRBRIZHOWTHHIEITo 1k,

DERETI /B, BRXACTHAVNVEBMRTI/ B 18 @, ¥V &k
MKTI/BTHE, FERATIREVNIERRTI/ B 20 B, o NV EHEHE
RT7I/B5ERERSN,

DRERETI /B Bk, BFAHTIX 1,244 + 195mg . FER TR
375 £ 85mg THY. MHELL, TD 90 BiII X I/ BEBRETI/ B TH-T-,

NERFUNRIEBBETI/BIX. TI=2  TNVEIV B, TANRTE R,
BV TNEIV, Iy TARGX U THY, —BRBICRI S TV
XELZERLCTho 1,

DEURIBHEBRT IR Ty T/ BB HEL £, FEAH Tt




80 = 76mg . FEH TIX 23 + 8mg ThoT-,

SHEFERERE S BiX, WA T 3,175 = 1,016mg . FEH TiX
6,204 £+ 3,108mg THo%, HERA TS L 2— X 1,000 = 453mg , 7 /L2
—Z 329 £ 75mg . A/ — X 1,846 *+ 1,086mg ., FEHATIII NLa—2x
2,170 = 959mg , 7VZh—2R 299 *+ 173mg , AZ1—2X 3,735 + 2,842mg
Thol,

B7Vva—LERX BRATCR SV —L 77 + 16mg . FEATIRY
JVER—/V 144 = 80mg . 7Vt —)L 179 + 60mg THo 7,

6)=2URRE BIX, BRATI, 489 = 211mg . FEATIX

702 £ 254mg Tho7=,

BAE HRHAT~IF7oVRObRR{LE

B RAT~IUVROHBLE

RAEHOGRIEORE L, BED "BHEXLFERICONT, Nl
b URXXEMEMICONT, K ERED YREFEEFCOWT, ELTHEH o
O UIRLE, BERLICHOVWTHRELTWIE, RAT IV A0H B ;-‘i

R Y iy W S YL
ke gln_,-‘_:f-"_f-l'“[i: Ty S

LA

HOBEXIZLEALBDI-LRW, F2C. BAT IV Y ARRILEY
TANBEDPDARIY— = T R fTH2 el LT,
¥R ERBOLNEREBICHOVWTH., B ickrf M2 R ES

BIEE->TIEMR PO 74—V EHLONCT IR EATOEBEL
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HE1H ERFE
1. Rt B L UFME

AP BLCHMEIT, F2EF1H 1L.LFAKELE,
2. RE

NMBILERMEDTZD DY ) — LV BAF Vi, EFEALR TEBRO—& .V
JVRRIIFOE MR A E AL,

3. ii{LEBORIY—=2 7

REB R 1gIZ 20ml D& ) — L&z, —BERIBICCTHRES.
5,000rpm T 15 3ELTEEL, 0O LBEAMHEEL-, E% Y FR/D
OHF BTN MRBREICRSE) ) —VBAF L 100 plic, ZoHH
S0 pl ZMZ, 50 CT25REMKIGH. L ea KB “ic k@M
Bif(POVIZRIELE, T72bbL, U/ — A BAF A /ouk )L A-KERE
BEMA CEMEE, VeV LABEEZMZ ., BRRIEHICLYE RO ICHE
BMENavRE, TPV BRECIVEASE, FARBTNIYAZAL
THRETDHETHD, fBILOHERX., HHERMEXOPOV(POVS) &,
MHBICRA T ) -V EFEML a2 b a— LK OPOV(POV)D %
ROBZEWCEVFTH I,

4. JiRR{L AR 5 O il it
(DREEROFR

TN R 1gR2 Yy /AL —DRHHBEFAVWTS o F L —F )L
T20RFFMHEL, MiHEOLE% 20ml LL1,

TH -l RE LIgicF ) — b 30ml AMEXTEESFALL, — B
MEICTHE®R, 58L, SBREZEL, MHARERIEICRAKOF ET1EH
HL, 5BEEDELHBEL. 2% 20ml L1,

Al : BB gIc A 20ml 2%, BBEAR LT 30 HRMBEHRE. 5

T e AR

RTEreE

S

N
e TR

S



]

BL, SEZR MHBREXECFARO FETIEMHL, AErSbd
FHEBRREL. 28% 20ml LL1~,
(2) iR 1 OB E ™

ABEBEA M IZ 0.1 MY/ — LB ) — )LEEHK 20ml &, pHT.0
0.1 MUV BRBR B 20ml 2%, KT 50ml &L, ML HBIE O SHEL
oo CORIGHZ 100ml BIERABELOBICHBL, 40 COMFar—F
— I RFLEE, 77078 L T, BEBEOTH ) — )L 20ml i,
pH7.0 . 0.1 MUV BE B 20ml MM x . KT 50ml LL7=bD, £/, 2k
r— L TRABMHEEIHBEORDYCEMLEbOR, R&HETFIC
RELE, REHBS . MABMILIC, ZORIEE LY 0.1ml #5BL, 0¥
vk TICKVPOVERIELE, £/~ 0.5ml #5H L. G riewhan ¥ “I2 LY
TBAfliZ# €L7%,

Fom ®& B
L. RAT7T~ 7Y ADHBICEE

V)= IVBRAF V1 ml =Y, BgalE 0.025 gl Y B ) — LRI H Y
EMRXTAT>TEHRILBAZY — =0 T O#E R % Tablel? IZRL7, BREHH
HEHEMNXORRIEHME(POVIEarbo— L X0l BILYH(POV)D
Wi, POVs/POVlZ E- THRILD RZABRBICEK A LE, bbb, &
LA ESEORVE D%+ ++:0SPOVs/POV:< 0.2 ., HiB{LIEMD
HNHD% + +: 0.2 SPOVs/POVe< 0.4, FiIEEHEOB VLD
+T:04 =POVSs/POV:< 0.7, FiRLEHORVED%E —: 0.7 SPOVS/
POV EL 7,

CDRIV == T ORER. RBRLERAT IV A0 x4 ) — Vi 1k
B Y /=N BAF L OPOVO LR ZME T2 R% 15 MALBALTHWED

P o e . "3 Y- FRTIT=5S W, iy
L -:’3 :TJ\Q Ti‘ -?‘.isﬂ"'-':q:;";ﬂf"‘-‘:-'“" g &
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tEmLle, LT, EDRHRILT R TPOV/POVei + + +ThY, 2720
BROTIBRILEOHFERTRINT, £EZTIhb 15 MALICHOWT, IO
MIcE O BILEEEZRIMLE,

2. JLRRAL ER 53 O Hh Hif%

ERORZY)—=0 7T, =& /- L HHBOMBICB W TOHERS
RERBLEDR, ZZTH, ZhHORB B A Tar RICB VTS RO
HRBBDOOND, &7 — M HHUMC—T 0V KEIHS TV, HiE
ER 7 DBEFE~ORHEEZFRDILL L, Figl~6i, V) — L BZEE
LTSN Tary RORIGEBIC, 2 OREBO—F N & — ) Akl
HBZHEML, 100 A Bicbib, EOPOVETBAM O A E{LEZRELE
MRTHD, 2B, HHEROBMEIIHBRAB L TRKISED 0.4 %HEYE
Thb,

T—F )N, & )—)v KHIHEOT THRPOV, TBAMEE 100 B &8
LTHEREE 1.0 UTFE2RTHORRS ORI, TR = ME, #
PROZREIL, AKMHEBRNRES /) — LVHHBEREMKX C, POV, TBAfH
EH 100 FEBLTHERNKE 0.6 LLFTHY, FRICHRVERILDEERL
oo TABE | BBFY 91-3 | KAOBEHEL, AFMHBREMNX E = —F L H
BEMX T, POV, TBAffi&S 100 HEBLTHWREE 1.0 L FTHY.,
WIS RERLE, LEEASLT AR, =T A HHERME T, N¥
Do h EAXTaOEER, =¥ /- VHIHBERMNX C, MRS RS
Alle, 2=T N, =& )=, KHBERNEEhLEh ok L
THE, KB HRME OFHBICESRLM, KicxT& /) — L H H kR
RABWFLRLEEZRLE,

HIH £ B




EEED "FEAL "REHERELONBICERRICHVEFEX. BE
FHEELT. MECHBOBREICRE TCEXE2E0D, HEVWREOH R
ORIV —= T B Y THHEEX, VDI EELE,

SEORIY—= 7 ERALEMHBEERY ) — VOB ThHo =D
T, RAZV—= 7 CHRBIEEIBRHSN T RVEDLENWEEZLNS,

TN TarRICBITLRBEEIZ. WThoREbarta— 1 Lo
HRERLI, 2 ORFOFEERSO-—T N, =8 )— ) KOIEHE
XS oM ICIIR RS EBHRALN, BEOBEOT V= —F L L&
HEOBRWAKOE S T, MO RERLEREE, BEOBESE I
ONTHRWHIRIEDRERLERIC OO, MBEHEOHBILR Y T
haZxzo—VE, KBEEORBERZICIE, 798 /A8 e, HV 7=/
—WVBRERFEEETIVEREREZLND, RAT I Y 205 R
RAEDNWTI, AL TR, ThhbORNBELEZS,

TATH = B
BAT~F %R 12 8, 17T BrOcHZ )— LB E) ) — L BAF L%
EELLEMRIEBWTHBILER IV = T 5 fToR+2h, 15 BT (5

Nox—J NYATh SYLEA, TEIE T, AL, WE, ST AL,

A¥va, FAar, Bt 91-3 (| K4, REOEEXELAX 2 F (o, K4
DEFE)CHECRVEBIEDERBDONE,

AV == T REBVWTHRBBOONEREX, =< ParRicBWT
LHARBBOONTE, T, 2 OREOFE R D OB EIC T 50 Hik
RARSEZBHRALNER, BIBFEOBERH T EHFICROB RS

AL,




Hof RAT~YIVFRAOGRIEERSOREH FRY -RECH T
FIES

A T, HLOHARBIER AR BT HILZEMNELTRAT T ¥ 2
WCHEHL, 45 HOMHBORBIEEICOVWTRMZR LT, TOER. 16
BBV RABDOLNE,

EZTERMTIL, BREOLOERF L "8 %i1C, 13 BORRAT~<IU%
AMHBICRA L TH B BRRB T, KA THEI
B, e-baT=n— LV OMEDHR. RRAT7 IV AHHH OB pH I
HIDREHICOVTRERL, ROWHBILEDRERBOOAEREHCOWT
i, A FRREICHEDZRNL. REFOFHBRLELMIEOLKES
BEILTRHMLE,

F1EH ERFGE
1. REBLUFANE
ABHI, F3EFIE L. THVWEILDO YA A TP W, A
AT LE, Axva, JAnr, BHt91-3, KAOFEXE H8ETHS,
BRE.RAEHOFMIT, F2EFIHILLAKROFETITo L
(1)Hl % o 37 B
AR (Tr o, M, TR LKAOELE) 15g KK 400m] %
MATHRETZFAXL, 100 COBW LT 30 SMMBBEHEL. ABL. HH
PR, BHBREIXEICK 200ml 20X FEOFETIERMBL, AEEE
DETRME®R, 2&% 100ml £L7-,
T =l Y RE (NP A- A T BE, ST A AFY
IOEE) 15g 12 99.5 %cH /—)L 250ml EMRXTHESFAZXL, — B
B CHE®, 58BL, 5BEB, MIHAREITEIZ 99.5% %/ — )L




125ml ZMA RO LFETIERHEL, 525D ETRER,. 2&%
100ml &L 7=,

=TI BRE(SAT AL F MY BB 913 \ KAZhEThoX
) 15g V= F N —F)V 250ml ZMZ THRESFAXL, —BBEICT
BE®R. SBRL, 5BEHL, HHBRERXECC=F L —F)L 125ml 20
ARBROFETIEMHL, ABEEDEE, SBETOPF L= —F VI,
Yy A —fHBICTEIRL, i IIBREEEE., 995 %/ — i
ARELTEE% 100ml L L7,
QWHEHF RN

Al FORESHEIX. NELOFE "B L ICKa—ADIVF 150g . &
HEWE 25¢ . BN 20g . REAK Sg #EARALLIME 200 0OWHA T %W
MLz, W TFhbR&EZHAW, 7T YA HBYHRMNT 584
L, RBEARERBALE, RELBII2TEL, MBREERITAEH L U
Xy 7 (U T A8 RCK-10E-10 | {#E | 90W ) T 200 CT24r @, K\ T
180 C54y HM#L 7=,
2. HE

TIRILBERE DD DY /7 — VBRI F s M A E AL,
3. Nk H o E
(W ILEEDRIY)—= 7

V) —WBEEELLEET VR CUBRY ) - LVBETFLVRETD)EHNT
BN, EERISHIX. Y/ —/V B 0.13m] . pH7.0 . 50mM V> BB H K
0ml | 99.5% =% /—/ 10ml ZE S LB KIC, REAKZMZ T 25ml ¢L
o 7w A ME RN OIS HEIT, fIHEOBRMBESEHRRELLT
RSO ENE N 0.1,0.2,0.4,0.6,0.8 %IRASNBEHIC, REAEERX
5% cF ) —NVERFEILTHEMLE, OO RKIGH#K X, 84 100m]




FRAKORICEBL, 40 COM U FarR—F—|TEXRELE, BFHH
F.IRRBESEMIEOESVWERY & "I2XD POV %, Griewhan 3 ©
([CXY TBA fliZz B EL 7,
Q)7 B, e-baT7zn— L EOHERHE "

(DOHBILREDR IV —=V T ORKR, IRV BB RERLET <
TV AMHBTREIZOWT, VA BETFALRICBWT, T4 2
HKL7 o BEFi T a-ba7x0— V53 BAL. CAOOMEBEHELXHIEL
o V/—NWVBRETNVR~ORAT 7Y AMHBEORMEIL, &M@ L
ELTRIGEOENE T 0.1,0.2,0.4 % &L, 781X 40 ¢ /ml % 0.5ml
(0.08 % ICHH ), e—FaT7xm—/LiX 20 ¢ /ml % 0.5m1(0.04 % IZ4 2%4), \»
THOAREKELIX 99.5% T /) — VLV ERBXLTEHEMLE,
Q7r~F Y RMHH OBE EH

V)= NVBRETNVRIC, QERROT T4 A HEZ MBAEL TH
ML, RIS ERAR LT, 7<=F 0 A&z, HEAR I 0,30,90,120
SERFL, SREFMBEEDICOKBLELO T, BBEOFRMEL, &%
AEELTRISEOENETR 0.1,0.2,04 %L, WTFhb R Y AT
99.5% =& )=V ERBALTEMLE, R, RMBARE ORI
100 % ELROFEROBERE OBILETERLE,
W7 ~F 9 A% D pH L&k

V)=V BRETNLVRIC, QLFRAROT T A HKE 4 pH S &k
10ml ICFEMLTHBLABLZbOERML, KEEEZAMLZ, pH BEK
fL. pH3.0 & pH5.0 ® 50mM FiREBEE K. pH7.0 © 50mM VBB E K,
pPHI.0 @ 50mM 77U @@z AV, FhilA®E FIiC 120 yBEFL. BED
WKBLEHOT, HEORMEX, SRR LLTRIEKROENLER
0.1,0.2,0.4 %L, WTNLEBEAKEEIE 99.5% & ) — L ERBEX L THM




L7, RERIX. pHT.0 ORMBEEI O FLBRILMES 100 % & L7 o & B 5
HEtofRETRLE,

BB, QQWORIGEOREFELHBIL ORI E F ik, )Rk
L7,
(5) A H -+ o ¥ 5 % B BE B

DIEE Of H B LR &

% HWHFOIEE O/ HIX Chloroform — Methanol B# ( CM 1B#K) 2 B
Ik o7,

2) fig > % B BE B 2

MAEDOEMBEIL, Lea (kOB R E “IC Ly, @R{LHiE(POV)Z R EL
e

FoH M R
1. 7=y 2ot

TXTZVYAMMBOY ) —VBETF AL RICBITD, nF oGk VW5
BRILABR T, RCHEWHBEDHRZRLETEL T % Fig.7TIcRLE, BE
B EHEP7EHICaV oL ORKEERIZERKICRSEOT, 20
ROaba— LV OBRKEER 100 LU, 7T 4 2 HBEMNEOIEE OB
MIEEZRLE, KHHH T, 7TEE T 0.2 %HEMAS 16 . W 0.2 %5
MAB 18, FAOLHIEE 0.4 BHEMAE 1, =&/ — LHIHB THE, N ¥ AT A
0.2 % &M 28, TEZE = 0.1 EHEMA 40, =—F L HB Tk, 47T
AH0.2%HMAB 18, AL EE 0.1 %HFEMAB 19 2RI,
2. 7x 8, a-baZzu— LVEDHRHE

V) —VEBETNVRIZBTD, 7T AiHH L7 B, a—Fa 7=
R=/LEOHRPBRICONVWTOY U EIEICLDR ER £% Fig.8ICRLE,




JIVBER,. TETE T LMEOKMHY BHEDREEZRL, e—Fa27 =
—NVERL TEE 2t MEO KIS, T 0¥ ) — L ¥ 254
RHFEERLE,
3. 7=y 2 o BE EMH

T AMEHORBIEEORLEERICONT, nF V&I LD
ERR%E Fig9ImLic, 7V TV LMo A H % ik, 0S8 i B4R
RAFFERROTLMILEE R L, N ¥ Ah-TAh FTEIP O Z /) — L H
HBENAT A FAVECZEREO T — TV R HB 1L, MBEE O E 5 f
W, LBEHER ER T IEMERLE, LML, T EEoAx S OH
B, RBICETLE,
4. T=T YA O pH & EH

TeIr P AU OF pH KRBT EHBIL N OREMEICHONT, nFy
KIEICLDMMERR%E Fig.10 [ZRLE, TR = bMIZEO AR HB 1L, H
EMTHARIEERPRETLER, 2004 F TRV BLES
RLIc, TAREEEOKHBHIZ, WTFhoLEG T ChEICHR VBRI
¥R,
5. N Fomis 0L E

AHEFRANECTE e I, Ao EEOAMEY, Tz -,
MEOKM MBI/ BZ, T = MEOKMEHE, 70
T )= NVHEHBIC a- b7 20— LV ZBRALELOFEML, MBLEL 7=
AHF38Mzastu— Ll HBERMLE, 7oV B, a—Fa7z0—0
EHREIX. BIEHD 3.0QLRAKLLE, ThHOBREH B F O POV O
% Fig.11 WRLE, RERBGHO2ABMRRBTE. AR FOLTKE
DPPRRERECHED, avba— AP X EOAMHYEZRML7- B
Hi¥ix, 27 BOBARIC POV B EHLE, LAL, TP MDA



HBZHEMLZAEHFO POV HBLH R ERICLEEY, TR =M %
OKHBHBIZ 7B, a-Fa2T7zu0—LEBAELTHEMLEKBEF T,
EIZ POV ORALR PR oTe, BIPTHIMEO KM HBIC 7= 8, o —F
7= VEBEMLIEHEFIX. 40 BEBH T 20mgeq/kg UL FH#RL,
BOTLRRIE I ERLE,

$3H £ =B

TvZrY 2O EIX. TBA BV THLREOREEZRL
o LU, BEALDIT o # <Y PR HDOHRBIEEOER “D L)
L HHHOREICEKEL THRBEESBIRZEIIZ. Rohhot,

AT, T~IT I 2B ORIt LY, REOICESMI ~F H
VOO DOERNO MR E/BIZLEHNELE, F2TT 703 2 8,
tORBILEDELHRDRERTLEIDICOVWTRHMLE, TOREE,
TEIUE T HMEOKMHBIL. V/ — LV BEFTLRICBWT, 72U,
a-ha7zn—VeOMERPBREZRL, KR F~OBEMBRRBRICB VW THLH B
B REBDI, 72 BiX, —RICTEEERILEZEETIEBAL 25
HIDZLITIVRILEZRE TS, Fic7=/— Ao {ILEHE L
DRCELVWHBRIEMERDRE R TIEREOATNS @, - T, T
ColMIBEOKMHHPICIE, 7=/ HEHERES TN TS A EERE
WeEZHND,

TEEHIEOKMMHBIT, TOMOERE TV THHBRHEER
ARIEHEERLEZED D, RABRILEHELLTA SN I ~0 A%+
RAREEEZLND,

FA4H E K




DIBAEARBRICEN T, BVABIEEZRLELDOIR, TP T #
¥, Tt EEOKIMHEY ., SYA- AT O ) — LR Y.
RATAEFT A EREO—T L HIHYOTRE Cho7,

DITVREMRBEEZTRLELOR., TEC o MIEO A HH TH
D, a—ba7=0—VEHERPBEZRLELDIL, TP T < L83 0 Ak H
MeTE Oy ) LB THoT,

3100 C 120 FETOMBICH L TR EHZRLELDORX, FAuLXED
A EBR6ETH-I-,

OpH THTIEEHTIX, T, M, Tt EEOAHD R
REMZRL, RPTHOF A EEOAFHBIL, W ho pH KBV TH
FEECHRNEESEERLE,

SHEFoORBIELRZEHICHE, TExr o bHBEOKMHH BB REZRL,
JTVBR e 70— VEDRATR. EREROKERLALLHER
HRZRL, RESHOEEYL BT,

B MEOCHBBIICHTIREERR, WEdL— 7 RR
MIEROBBRIICH T IR EMHLZFM T 2MERFELLCERE “
BHD, ZOFER REEREOF B ESIRBRLESSOERHM
ER0SBICETHETORMELIIAKERETSHETHS,
TIT,. B2 CTRVIBIEEEZRLERBICO VT, ZOFEZHWT
ZEMHERELE,

BIH ERFE
I
REHT, BEB LA R MOKIE L E4AEE2HH1E LO)THANLET

e T S




vzt M, S XEOKEY, AYh-TALTP DO Z)
— VI Y, SAT LT A E RO -FARHB OHTETHS,
2. RE

BRIEICEMHBERML, = Par 2 BRETEIEDIC, LALFELT
ICI £t Tween20 (RUAF T =F LU QOYAEFEIFIL—RN) RERAL
o
3. BlE sk

M {L.BS 1L A EE M O KIS 27 40 CTHEML. ZhICHALFILT—F o
0.5 %, 7T YA HBIL, Ao EEOKMMHKIL, ERREELT
KHED 0.4 %, TOMORHEKIL, LRIRBELTHIED 0.2 %HEML, FE
VFIAX L, ZhibEk1+ 0.01g Z BRI, HF3WOPNE 45mm . BFEHS5
AV¥—VIZHERL, 60 L1 COBKERBICELZLCREL, 1HIERY
HMLTF S F— 0T 30 B LE%, EBZREL, SEOEEHNED
EEEERD T,

FoH & B

Tablel8 ICEHEBMBRE 0.5 BICETIETCORBLRLE, T %
EoKHHBIL, 100 BRBL THERMMRR 0.5 %ICEE T, FERICH
WHBEEEZRLE, Thice L, 2 bn— i34 B, FotombHmb4A
RS A EEL, BERLICH TR EMIL, M TE ok,

$3H £ =B

HEERHBRIL. Oleott b VLo THBLNEFETHD, BEL, REH
MORFAMEC Lo THRBL, AMARLOIORBERMIRESH T LM
BRTIX, 30 ~ 40 COEBTHY. COEBRF B, MEHKICS Y—LO%




. EER REAYNFORES T AXOFE HEERBEOHEICLY. @—t
BRICATZYZIPECRTVENDR TSR Y ERFEVIET-LiIcE
. ATZVXORPETMEESNE, BB, aba— A LT, KIS LA T
MEBEBMOT S %2 AN B, AL 2B RbA R -7,

e, KIEO EBBLICKH LT, Tt 2 OAKMHBD 2. %10
MO LZ RLEBERE, S %ORMBEELLEW,

BAaH B M
MEOCBBRRILICHTILEERBICLY, T~ 4 2HB O . KIS
OHBBRICH T B EERALE,
TORR, T XEOKFHBE, KIS0 EBRRLICHL T, EEIC
MO kAR R,

FAHE  DPPH(1,1-¥'7x=2-t" JUNEN GV ME A WET O A IR E R

F1H EBRFG®
1. Bt

REHL, BAEF2ME1H L) THANL 2 H K% 0.45 pgmD T (L2 —
THHEL., REBEKELE,
2. R

MR EL T, Aldrich Chem.® Trolox Z#E AL,
3. BEFH

0.5SmMDPPH =% ) — V¥ #E Iml 2, pH7.4., 100mMTris-HC &% it
800 ul & 500 uMTrolox =% /— LIS E T IXBEHE M 200 pl #MZ T
BA%, W CHATICT 20 HPBKISSEE, D, BEEKI o~ 7S




7EERAL, FEER 7 ICHI L-6,300 | B HBICHY L-4,250 #FH /-,
BIEFRBIE, BT AICHI L-5,025 (C8 4.6mm ¢ X 150mm )& H\\, 45
LR BE 20 C, $#E 1.0ml/min , BBV L, 70 %A ) — LW THH LT,
BRI 5170m . DPPH OFRFFRHEIL 8.5 HTHY, F—#AH I Z7u~vhF
—# 58 (H 3E D-2,500)TFT > 7=,

Fg2m # B

Fig.12 &, avbua—L% 100 LLEBEOTTONHBIREH®EZRLE, 7
VIV AMHBIL, = F LB ERLBBICT I N HIRIEE LR
., Trolox 23 51 IZHL T, KB TRRTE L 7 WIEEN 18, S 4
RECKADFEEREN 29816, =— T/ HHH TS 7 5539,

BHI£91-3, K4, Tt OFXEREFNEN29. 41, 49 ThoT-,

B3H £ %

TVANKIGE, EERIETHY, Ch BT 5 #2857+
DORBILENE. VOO LITUINERESE LA T IHEOXENREEL
W, FUANFRESIX, Fuo—TF  F— VAL RE 15 BEOR AL AR
MBABISNEBRBECRAOND 7, T~Fo b RMHHOMBAE, pH
OHY, HERBCOEBESDVWTHSBEORMNBELIELS,

HAE E B

TYTYAMHBOITC AN ERESE X, EF ISR, AHBHOTE
TEx HIE, FAMurd K4 OXEOAFEL, =T A MEHOASALT AES
ARt BHt91-3, KEOFEEEDOIHE, H8MIcBDOOLN T,




WEE TIVHARAFETFUFUOBRSERETHRED 8

B TIFUVRAFEFUIOHER

TRIVYALREMICELCAED T, AEDBHVZEND, 1975 £
HPOEESNTELERGEEM THDY, ZEBRIZZyX— © A G574 P
LR "REONMIAEMCHAISNEY, SEBRICHEMLURER LT
WLTWD ™", RGMLIEMELTHATLIHEA, TOBH KL LE
HBEOL>TDOB, EONEBRRZO—2BTF U OB THS, 7
YZUVRBBEXCTFEHEOMBEIAOIMYHINIBEMOR FTHY, oS
CPER, £FRBICIVBBLOREE, BLEHEERRRD ¥, 201D,
TV OEREICLoTMI oA BN ED> TS, TV ATV
YEDOWTORERX, T 7O BEREICETIME . T OM
BB D85 ™ TV UK CMC 2BEALEROBESEOE ™, 246
MEBLET VIV OMR "REBRHHR, ERXRFRIITDhATHRY, £
HEOT IV YRAFT Uy LA ONTOBEFIXIZLEAL RV,

TITAEFEIHTIE, BENET IV I RAFET VS OBEEICTONT
BEL, F2H T, FEAT IV FRLBEHVTE Ry M2 FRL,
PHRERMELWITLTERBRELITV., FEAT IV RORBMITYFIC
BOAEBRAERMIDILELE,

FB1EH EBRFE
1. REEBLURRE
RENX, FEATIUHADOAXYa S Mo, Bt 91-3 (| K4, 5

i S

e
4




OSFET, REtORBMIL, F2EF1H 1.LFARELE,
2. FUTLUDLHEE

T T D5 R, JINGAN ZHAO b WO FEICHEL T EEL, 3REHEA
DT v F{le, Tbb, T~7 2288 100g iZ 0.25 % NaOH &
# 600ml ZMA TIFH— (25 CT64) I iF. 200 Ay 20@Fz2EL, B
ErRBEKTHEEL, SKEGDYEE, SHEEZELSEE( 1,200rpm 6%4) L,
SEESH - R A TICEOAYEE(2,200rpm 114Y) L, ZOBEALE &
BEIBET,. 7y OBEFEVORBICHIBBERELVEEOK TR,
600ml DOZAREAKEMZ T, FEELHE( 2,200rpm 219) L7, LB DO
HRLTF L OARVEEIRYHL, 45 ~ 50 CT—BERLE-EHRL.
REERDT VT BT,
3. FMBLTRE F ik
WFr7>roEek

Ty OERIX. MASBE, VEX—- XAV VIV ERSRTE
TRUBRIZ, 0.92RLCFT U REELE,
QFr7roBRB LG EHE

Ty, BEATUVLATERER, EENB TFEMSSEMA
§-570 T 20KV | 5,000 fFICTHBERELE ", CWHOEHZAWT, &7
YTURLTFDORESE, TRLZEHL TR,
CF ot

FUoL DA, TUINIT—A—F— (R EBAEW. TC-3,600)% F W
T.HB@RERECHE, REE, BERELZHELL, RICIOOKED D,
CODREIBOEHCHLIABELZRD T,
WDF > Foro—BR%

—BRSE, BT RARSR B ECA VORI EICEL TR EL

AT T 0

iR L e SR




o
O K& 4:HEEIBSCHEHEZBREZRVE,
@ FUNIE:~wI/uBBINYT VK
BURIERIY. EEBELE2ERBIC,. BRI ERBEEK 6.25 %
#UTHEHLE,
@ M H:BoMErHVwE
@ K :HEEEY 550 CTRERRVEIANRIETKIEL, HESR
RO,
® ¥ EH:AUNRIEJRE. RSO EE 100g DHELSIWTR
L,
B)F v L DA H R
TIR—RETIORIF ORI, IVREAKEE "BLUHEME ic
JORDI, RB,IVEEAHABEORERIL, CABICB TS5y ER
YOTIN—RETIRRIFUORET VTV (T FKER B 2 FH V> THER
| il
6)7 7 DR RK EE
FTUFVOBEBRREEELOBE "X, 79 —oT7InsS57
(BERXA=27Z77) AW TRELE,
BEREIZ6%HEARLL, HOHMLD 25 CRLTBWEKE K 500ml %
MRAFT L BEKYTORBICRDIEICMEATT I A22KY, EOR

P 500ml ZAFICAND, 25CTHH 45 2., T72bb 925 CETHIE
L. 925 CiZ 10 ZRFLTHH, HAZBELT 25 CETHALTTInSS
A B,
DT 7o BE

REEEE L, BED "OFEICELE, TROL, RE 1.0g (BXHRE)




O)ZFEALL. 50ml OFEILEICEML, K 40ml ICHEBE. 62C. 72°C.
82 °C, 93 CELhThOHERECIHEMET 30 HEMEBMBLE, K
T, EDITREQR000 X g, 20 L, REOERB AR EL, LB
65 CT—BRARRBEEL. 105 CTHREMERE. T r—&— C1ERKS
LEBEEHAZRELE, BEEIRIICIVIELEL,
BWEE=B/(S—A)
ABRETEEHER(@Q.
B: BRER T EE(Q,
S:REEEHEE(
BT > 7 Dt He
TrTrOMERELL T BET Y 7o OB BB BIC I B S M5
ICOWTRHNTHED, FB TEBML FA—F— ( NRM-2010J-CW ) %1
T, HRRBRICTHELE, BERMEIZ. LY 200g . TANEE 2 cn/M .
A —THE 10 eo/M , TH 7H—OF 25.0mm . V7T A 1.2mm &L
o TV 7V BEIX, AR Va, FAul, BFE91-3, Fll, a— L A¥—F_
EFBIE 10 %, AERIL 9 %, K4HL 8 %&L7=, REOMILT L 7.

NDEBNWT, TEhELOTY U B RL BV EEL R RE CHANLE

%, B 40mm | TS 15mm QM v — LI 3g FOREL, ThbrEE b

Q3 T)LHmMmE COICRELE, BB ERFMIZ, 0. 0.5, 1.0, 1.5, 2.0 ;

R, .
i

F2H & B o

1. 7Ok
TUTUERIT, AR TR 50.6 %, A0 53.2 %, Y 91-3 2%

51.6 % . K472 44.7 %, FRBED 49.7 % T, F# 50.0 + 2.9 % Tho 7,




2. TV OBRB LU E#M

TYTURTOBTEMETES Fig.13-1,2 I2, TV 7 OB R % Table
19 WRLE, Ty ORRIE, B& 1.6 £ 0.4 pm, F& 0.7 + 0.2 umT,
AL 2.0 £ 1.0 um THo 7,
3. T DE

TYTUOWRBE, RKE, RERE, BITEAES Table20 ICRLE, Ax
2k, BEBRLRFOAAE THY, FAur, BHY 91-3 . K4, KRk, k
FBRLREREOBABE ThHoT,
4. Fro L DO—BRS

TYTD—BELS % Table2l WZRLE, KD 7.2 + 1.3 % Thot, ¥
YRIBEBBREBIZLAEERZL TR ETNO AT EHEERE 100g 24
720, 0.05 %L 0.14 % THY, JK4571E 1.38 + 0.26 % Tho7=,
5. 7 O ®

TYTDTIN—RETIRIF U DHRY Table22 CRLE, IVED
BHAETRVTNORELTIoIF U RT2IUHF AT S0 90 %
UEZz 5, EFETHIZ R o, Bio, M CHLEBLTo
H, BEERTFTAaED 017 HhAZTa® 021 T, TInIF L OEOH
HE—&L7%=,
6. T 0EBEEEL

T OEBREEEELE Table23 1T, T FroT7Ins5h%
Fig.14 [Z/RL7c, BhER EH LAY 20BU ICFETHRER. K4AD 73.0 THh
bAFXTam 775 CTHEBL TN, BB ICEL -8 OB B LR B 1T,
K4§X 79.0 C T 418BU , ##EiX 81.3 CT 373BU . AX 211 92.5CT
225BU , J&HF¥ 91-3 X 82.8 C T 215BU ., A uEit 81.3 T T 190BU Th

2, TV —2F T ik, K4 148BU . #7RBED 118BU . AR+ 91-3 %




50BU , 7 A a2 35BU , AX T2k 0BU Thot, ELTHAHBEDOLE L
WIRHI|ML ., RBEDR 163BU . K423 130BU , 7+ 91-3 23 65BU . F 4
DE A 53BU . AX T a8 43BU Thote,
7. TP OB E

TYTOREEYR Table2d ISRL, BEEOEBELTOBOERE
I, AF 22208 10.5 T 82 C, FAaE 38 12.9 T 82 C., E@HF+ 91-3 28 13.0 T
93°C, K428 19.0 T 82 C, Kf 19.0 TI3Th-o7,
8. T OY R

BT 7o ORBBRBICEIBS LA EEOELE Fig.15-1,2 ITRL
oo BBRFTOBESIL, AFvabF Ao R 90g Btk . K445 60 ghils
T, BREFE91-3 LARMN 25 gAML . B R THL. KAL RN
50 gHl &%, EOMO3EIL 20 gAT B2 MR L, HEREETOM B,
TARE EKAD 250erg %, AX 2 L RED 160erg Bt % . BHFE 91-3 28
100erg BT ZHERFL . MM F TiX. KALHRBR 220erg A%, TOMD
ST 90erg AT MERFL /=,

F3H £ =

Rita A. Teutonico bO#E "icLrd BREBOGLEOT 7V & Eit.
A. cruentus DF) 48 % H A. hypochondriacus DOHI 62 % Th o7, 4347
MR, RREEETRLES, ZORRELTIINSEYOFEORE W
REHLEILN, WHEHFHOEMCLY, HRAEOT 72 BB RM
TONRBEMRDHHEELD, TV FORESE, RBRICERALN,
A. caudatus DT > T B FIX, A. hypochondriacus ® 2.5 5D K XX Th
DT,

RS, TN THhOEHEENITRARS RV ICNB/SHTWBEF Y

L LR A A= N
e e

e | Y e
= A




T 8 MOFHELEBTHE, ¥R IBIIRBETHo1-88, EEE 0.2
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ME. TV —780y GBHBOREMMC OV T, GMERICERS LR,
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Table 25 Characteristics & sensory evaluation of biscuits
made from amaranthus grain powders

Form Sensory evaluation
Thickness  Weight Hardness  Flavor & Taste Surface & Color Total Sense
(mm) (2) (point)
Control  13.4 £0.06 17.3 +0.11 = - - -
Mexico 11.2£0.10  17.2+0.16 2.74 2.66 2.72 2.66
Nairobi  12.0 £0.08 17.4 £0.39 2.73 2.50 2.78 2.55
Nouken c.91-3 11.6+0.08  17.0+0.14 2.88 2.57 2.83 2.67
K 4 12.1£0.06  17.9+0.15 3.41° 3.09° 3.90* 3.40°
Akou 11.6+0.08  17.3+0.18 3.36" 3.09* 3.38" 3.31°
Rheology (Breaking Property)
Breaking Stress  Brittleness Hardness
() () (dyn/c i)
Control 2,189+511 2,293+547 2,501+£546
Mexico 2,901+604°  2,898+639° 5,461+1,394°
Nairobi 2,893+622°  2,879+509° 6,384+1,180 ¢
Nouken c.91-3 3,197+483°  3,161+815°  5,004+940°
K 4 3,785£459™°  3,478+531"° 5,827+1,228°
Akou 4,258+685™  4,208+705™° 6,482+1,905° *":p<0.05
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Fig.15 -1 Texture of swelled starch of amaranthus
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