{#fEst (Korean J. Crop Sci.) 41023%) : 69~93(1996) )

HZe| Rutin # 7|5d 2E2 SF2 HO

jeal

Itl:l

o

ot
=

*
UMYy

Rutin and Functional Ingredients of Buckwheat and

Their Variations
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ABSTRACT :In Korea, buckwheat has historically held a very important position because it
has been used as a food and traditional medicine. The objectives of this report were to mainly

review the up to present papers includings 75 references about buckwheat’s rutin, functional

ingredients and their variations. Buckwheat provides an abundance of such nutrition as protein,
amino acids, vitamin(B,, B,, E, P), minerals(Fe, Zn, Mn, Mg, P, Cu, Ca, Se) and dietary fiber.
Buckwheat’s essential amino acid, lysine, is notably higher amount than cereals. Rutin(vitamin

P), one of a group of flavonoids, is abundant in buckwheat and noted for its beneficial function

of reducing every kinds of radiation and vascular diseases, diabetes mellitis and retinal

hemorrhage, etc. Rutin also acts as a pigment stabilizer and acetone extracts of buckwheat have

a potent tyrosinase inhibitory activity.

Key words : Buckwheat, Minerals, Lysine, Flavonoids, Rutin, Quercetin, Tyrosinase inhibitor,
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Table 1. Nutritional values of the proteins of buckwheat compared with several cereal grains
and with whole egg protein as a reference®

E /T values®
Essential Feg Wheat Qats Buckwheat Corn
amino acid reference 1.99 2.38 2.41 Normal ~ Opaque-2
pattern 3.22 2.65 2.54
A /TE values®
Isoleucine 129 122(95)¢ 102(79) 99(77) 94(73) 93(72)
Leucine 172 213 194 166 328 241
Lysine 125 82(66) 110(88) 158 66(53) 116(93)
Tyrosine and 195 243 220 179(92) 217 200
phenylalanine
Cystine and 107 196 107 106 76(71) 81(76)
methionine
Threonine 99 93(94) 86(87) 101 85(86) 96
Tryptophan 31 41 42 60 17(55) 32
Valine 141 150 139 132(94) 118(84) 135

2Grams essential amino acids per gram total N, » Milligrams specific amino acid per gram of total essential

amino acids.

¢ Values in parentheses are A /TE for specific amino acid /A /TE for egg reference pattern x 100. The lowest
value under a commodity shows the first limiting amino acid and gives a chemical score,



Table 2. Contribution of buckwheat flour as a dietary source of five minerals to recommended
dietary allowances(RDA) for minerals in world®

Contribution of 100g of buckwheat

RDA of minerals for adults

Minerals flour to the RDA for minerals (%) in the world (mg per day)
Zinc 13to 27 7to 15

Copper 16 to 40 1.2t0 3
Manganese 25 to 63 2t05
Magnesium 44 to 88 200 to 400
Calcium 1to3 400 to 1200
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Table 3. Changes of rutin content of buck-
wheat during germination3®

Germination time Rutin content
(days) (mg%)

0 3L.5
26.9
27.6
32.8
34.9

119.0
832.8
1660.3

~N O s W N




Table 4. Variations of rutin content of buckwheat by age and plants™

Time from Growth stage Moisture Rutin*t Rutin Rutin
planting of plants (%) (%) (mg /plant) (Ibs. /acre)
(days)
12 4-leaf 91.2 0.92 0.87 1.86
19 6-leaf, flower buds forming 89.5 2.50 54 10.86
26 1~3 blossom heads in bloom 87.9 2.98 6.9 14.18
33 24"~30" tall, in bloom 91.0 2.47 19.1 39.3
40 36" tall, in bloom 86.9 1.76 24.2 50.25
47 Seeds setting 86.0 .21 23.5 48.5
54 All seeds set, one- fourth dark 78.6 0.99 27.3 56.3
61 About one-half of seeds dark 80.2 0.62 19.0 39.2
68 All seeds dark 77.8 0.47 19.5 40.2

* average of duplicate analyses.
Tmoisture-free basis.
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Table 5. Comparative rutin analysis in the
plant parts of buckwheat®’

Source

Rutin content

(mg /100g)
Root 96.4
Stem 99.6
Leaf 214.4
Flower 377.3
Groat 13.4
Hull 47.8
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Table 6. Loss of rutin on drying buckwheat?

Sample Rutin content(%)* of Loss
number ~ Methods of drying Undried plant  Dried plant (%)
32 dried in air 4 days, then at 110°C overnight 2.50 0.71 71.6
34 dried ™ at 135¢C for 22 minutes 2.12 1.36 35.8
34 dried at 71°C for 135 minutes 2.12 0.00 100.0
34 dried at 110 for 19 hours 2.12 0.59 72.2
35 driedt at 1057 for 50 minutes 2.98 0.84 71.9
35 dried at 92~100C for 4 hours 2.98 0.81 72.8
37 dried at 92~100°C for 6 hours 2.47 o 1.53° 38.1
37 dried at 105°%C for 40 minutes 2.47 1.52 38.1

* Moisture-free basis.

* Chopped.
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Table 7. Effect of gamma-irradiation of the seeds upon flavonoid accumulation in buckwheat

seedlings, nmoles /seedling®”’

Mean level in

Mean differenceTfrom the control seedlings, d +£sd

Flavonoid
untreated seedlings 3KR 6KR 12KR
Cotyledons
Leucoanthocyanidins 479 —~7.4 £11.7 +41.5* +14.8 +55.7* £ 7.4
Rutin 110 +43 + 2.1 +8.4* £ 2.0 +16.9* + 2.6
Hypocotyls
Anthocyanins 4.58 +0.04+ 0.08 —0.36*+ 0.07 —0.73*+.0.08
Leucoanthocyanidins 243 —10.1 £ 55 -150" £ 59  —19.5° + 5.9
Rutin 29.4 +0.28+ 0.89 —1.05+ 0.57 —1.48 = 0.71

t Average data over 15 individual experiments

; asterisk attached to the mean value designates sigriificant cif-

ference at the level of p=0.05(tges for 14 degrees of freedom is equal to 2.145).

Table 8. Growth of buckwheat seedlings raised from the gamma-irradiated seeds stored for 3

years after irradiation*¥”

Length of Weight of Weight of a
Dose level hypocotyl (mm) hypocotyl (mg) pair of cotyledons (mg)
Untreated 22.0 28.0 26.7
3KR 19.1 24.4 24.0
6KR 19.2 25.2 26.0
12KR 18.1 25.2 24.7

* Average data over populations consisting of 120~150 seedlings.



Table 9. Flavonoid accumulation* in buckwheat seedlings raised from the gamma-irradiated
seeds stored for 3 years after irradiation (nmoles /seedling, X+s,)%

Flavonoid Untreated 6KR 12KR
Hypocotyls
Anthocyanins 4.67+0.13 3.64+0.14 3.22+0.07 2.98£0.12
Rutin 36.5+0.3 27.8+£0.4 26.2+0.3 22.5+0.5
Cotyledons 3.24+0.21 3.24£0.15 2.53+0.03 2.33+0.05
Anthocyanins 118.22.0 83.4+2.2 92.0+1.4 99.0+0.4
Rutin
Orientin 77.7+4.1 59.2+1.7 53.4%1.6 54.2%2.5
Iso-orientin 122.6+1.9 103.1+1.5 100.6 3.0 97.6+3.3
Vitexin 82.1+1.2 60.3+1.3 63.9t1.8 68.6+2.2
Iso-vitexin 179.8+4.6 143.7+6.0 164.2+1.6 151.0+6.5

* Average data over 3 or 5 (anthocyanins) replicate experiments,
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Fig. 5. Scheme of shikimate-cinnamate pathway and the central role of cinnamic acids in the

formation of various plant phenolics. I : cinnamic acid 4-hydroxylase, II : p-coumaric
acid 3-hydroxylase, I : catechol O- methyltransferase IV : ferulic acid 5-hydroxylase
and catechol O-methyltransferase. Pathways. I : Side-chain elongation without and
(2~5) with formation of additional ring systems; 6~8 and 15; side chain degradation;
9. 10. 16 side chain reduction, II : o-hydroxylation and lactonisation, 12. 13. 14 : conju-
gation, X=0H, CoA(thioester) or glucose(1-O-acyl glucoside).



Table 10. Catalytic activity of PAL* and flavonoid accumulation in plant tissues during a 40
hour experimental period (16 hr light-+24 hr darkness)?®’

Plant tissuet PAL

FlavonoidsT Approximate

#mol /seedling wumol /seedling ratio

Buckwheat seedlings (intact) :
hypocotyls >1.0 0.099 10:1
cotyledons >3.0 0.482 6:1

First primary leaf of rye seedlings : ]

intact 0.752 0.0084 90 : 1
excised 0.724 0.0053 137 0 1

Hypocotyls of radish seedlings :
intact 0.079 0.0061 13:1

excised 0.321 Traces o0

* Expressed as the amount of trans-cinnamic acid which might have been producted theoretically during the
experimental period at the level of PAL activity observed.
+ All seedlings grown in water ;intact seedlings exposed to the light at the age of 56 hr. excised organs-at the

age of 80 hr.

F in buckwheat seedlings-total sum of anthocyanins, leucoanthocyanidins, rutin and glycoflavones (present in
cotyledons only), in rye and radish seedlings- anthocyanins (the major flavonoid present).

Table 11. Effect of X-ray on PAL activity and flavone content in buckwheat seedling®

X-ray treatment

Control

Buckwheat Flavone content Flavone content

cultivar PAL activity (%) PAL activity (%)
(0.1Ag™, FW-h™!) (0.L1Ag", FW-h™)

Common buckwheat 16.00 4.6 15.30 3.80

Tartary buckwheat 15.50 8.6 15.00 7.50

Mean 15.75 6.6 15.15 5.65
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Table 12. Phenolic acids in buckwheat bran-aleurone and flour fraction hydrolysates®

R Color 4 entit Hydrolysi Fracti
Substance TAW(S) TAW(s) DiazS entity ydrolysis raction
Compound A 0.29 b Red Syringic acid HCl Bran only
Compound B 0.08 0.32 Yellow p-Hydroxybenzoic acid HCI + NaOH Both
Compound C 0.48 b Orange Vanillic acid HCl + NaOH Both
Compound D 0.15 0.70 Red p-Coumaric acid HCl + NaOH Flour only
Unknown 1 0.40 b Yellow HCI + NaOH Both
Unknown 2 0.15 0.20 Pink HCl + NaOH Both

a TAW(5), toluene-acetic acid-water(4:1:5), 5-h development:TAW(48), toluene-acetic acid-water (4:1:5),
48-h development: Diaz S, diazotized sulfanilic acid, followed by 20% sodiumn carbonate.,

b Completely run off the paper.



Table 13. Flavones, flavonols, and derived anthocyanidins buckwheat bran-aleurone layer meal

fraction®

Substance BAW Re Color Spectraientity
Forestal  yya Van Diaz SP max, nm

Band 1 0.15 Pink  Yellow 530° Flavon-3,4-diol
Band 2 0.35 Pink Yellow 534° Flavon-3,4-diol
Pigment 1 0.70 0.64 523 Pelargonidin
Pigment 2 0.45 0.50 535 Cyanidin
Unknown flavonol 0.85 y ?
Quercetin 0.40 y Standard
Kaempferol 0.58 y Standard

2y=vyellow fluorescence in UV,

bVan=vanillin reagent ; diaz S=diazotized sulfanilic acid.

¢ Maximum after treatment with hot BuOH-HCI(5:1).
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Table 14. Pharmacological effects of phenolics of buckwheat®

Compounds

Pharmacology

Flavonoids

The Pharmacological use of flavonoids is multifarious, rutin is used against edema

because it stabilizes blood vessels, It is an antioxidant being able to capture

oxgen-radicals,

Caffeoylquinic acids

Chlorogenic acids are known as antioxidants, they inhibit linolic acid peroxidation

and haemolysis. Furthermore they inhibit proteolytic enzymes like trypsin; they
are choleretic active, stop nitrosation of amines by reduction or forming a C-nitroso

derivate.

Simple phenolic

Gallic acid is known to have anti-inflamatory activity, p-cumaric acid even more

acids ferulic acid inhibit the generation of superoxide anion and lipid peroxidation.

Phenolic acids

N-feruloytyramine shows a strong inhibitory effect against platelet aggregation

Naphthodianthrones Up to now there are no pharmacological experiments with these substances. The
main problem concering analysis with fagopyrruns is their small solubility during
isolation. We can only compare them with the near related hypericins, the
naphthodianthrones of Hypericum sp. Hyperici herba extracts are used as
antidepressiva, Like with Fagopyrum sp. the uptake of Hypericum plant material
in big amounts leads to photo sesitivation of white coated cattle. Hypericin is able
to inactivate HIV when treated with light.

Me dEMAdBT Eeto] 6.5mmHg A= v gt &3 2 149 triacylglycerol 9] 719} ¢

o}3l A%E AW, §3 dlUnFFATA OlE 8P nAFRZ|Y AU FHES o5 A

Foll EEFS T F A7) Aue) e @ dstsd £80] @ By opie 24 FolE &

ko] HalE RAGH 23 vE HEgolTS o Y3} B S8k RS i) g2p) /1Y) o

Z7) vlsle] FofatAl RolHaS B agh vt 9l ol 424 AR E S 918 7154 AEe=s

o T S5 AARIGIA WY, A & 5 7 Ao JAHE uR=s Hue) sbeynt &3

ot Az vigo] I3 ¥t g FAen o & ofge] AR EAT

S0 47, B wolUnhL Sk A FUE Wang 5% 7539 YRy BAE 37om

Hagde megs FEEL in virodgolA TG 1~27goll dA &vlgo] Firgof

HMG-CoA reductase?] &AZXE AA 3
ojAste] & Fo2HE 28 A= &
H7} A& ATl ok

2 5 Aze 7154 AE

3 15904 B s
WES 23kE, AAE, dHY ZUEHE 2

N
A7t d=AE HESE=U(E 16) dw2rF
40%, D77 45%, F7HF 15%, AT HEA4
7155 Vet Wik oxkg whEo] i 2~370
A Ateuie) B xlol Al B & Py
¢l GlybenzcyclamideZ 28471 $=z}¢} H)
2t 2ud2 e AxE 243 fxje] ¥
&2 Glybenzcyclamide 2 '3 2k 2}2} Glyb-
enzcyclamideE £3 583 gxjeo] 499} nl3t
ZIA R o] FanE AAE Ao 53
TS WiH] el Qi) LA E 7
2 Wy g #o) o Gl X8
e = 98- 7R
ola®e R 8ol My glu $

Rl o

SRR (A 1]

ol

fo g mn oo
o o o & 4

ats

|o
off & 10
00 1 4t o

Qi

=
ot R
B
2
)



Table 15. The concentrations of serum lipids and glucose in rats (mg /dl)W

Groups TC HDL-C TG PL HDL /TC(%)  NEFA Glucose
CON 93.2x7.7 52.8+2.5 185+26 1891’9a 59.7+6.8 8.6+0.48 82.9+3.6
BWV 79.4+£4.7 47.2+2.5 159+19 162+4° 59.8+1.9 9.0+0.59 88.6+3.7
Rutin 79.6+6.0 53.4%£2.2 104+ 6 183 £ 9 68.5£4.0 9.7+0.38 90.2+6.0

Mean+S. E. of 7 rats
CON : control group, TC :

total cholesterol, HDL-C : HDL-cholesterol, TG :

triacylglycerol, PL : phospho-

lipid, NEFA : non esterified fatty acids, BWV : Buckwheat vegetable.

Table 16. Changes of blood glucose contents in the 3 groups after treatment®

Before treatment After treatment

Group* Courses(months) No. of patients
(mmol /L)
ExpG. 1 1~1.5 20 10.15+2.85 6.45+1.38
2 3 12.76 £2.51 8.30x1.75
ExpG. 2 1~1.5 17 11.58+2.01 7.24+1.92
2 15 14.08+2.64 6.86+1.58
Control 1~1.5 16 12.42+3.15 9.16+£2.37
2 4 9.46+0.97 8.81+2.52
* ExpG. 1 : Tartary buckwheat was used alone
ExpG. 2 : Tartary buckwheat was used in combination with glybenzcyclamide
Control : Glybenzcyclamide was used alone.
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Table 17. Mutagenicity of ethanol extract
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Table 18. Curative effect of tartary buckwheat flour on peridontitis and gum bleeding™
(Unit : patients)
Symptom Red and swollen gum Gum bleeding Halitosis
Before treatment 20 28 27
Half a month after treatment 10 8 12
One month after treatment 6 4 10
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713t} &sd ou}, anthocyanin®] -322 W2
6 17 8ol A Hi= wie} go] (1)x e fla-
vylium%, (I )purple4?9] anhydro ¥7], (1)
F-212] carbinol¥719] A 7HA] &) U=H,
rutin® X E=F 2o Hr)etd anthocyanindt Z
3t olg MAE M3 A7l A& rutino]
purple® @] anhydro 97](2% 9)& <t 3} Al
7171 wj&ole} Sk 3 rutine I L9t

223t 2735kl A anthocyanin® Agsle] &

Disease Target

Flavonoid

Result proven

Inflammation PG* synthesis

Diabetes mellitus Aldose reductase

Allergy Capillary wall(PG)
H'-ATPase of mast
cell

Headache PG synthesis

Parodentosis Capillary wall(PG)

Cancer (Nat-K™) ATPase

H*-ATPase of
lysosome membrane

H*-ATPase of
lysosome membrane

Virus infection

Common cold

Chemical Aryl hydroxylase
oncogenesis Epoxide hydroxylase
Bee sting PG synthesis

PG synthesis
PG synthesis

Oral surgery
Stomach /duodenal
ulcer

Quercetin etc.
Quercetin etc,

Rutin /citrin

Disodium chromoglycate

Quercetin etc,

Quercetin etc,
Quercetin etc,

Quercetin etc.
Quercetin etc.
Quercetin etc,
Quercetin etc.
Quercetin etc.

Quercetin etc.
Quercetin etc,

Local pain relieved:
body temp normalized
pressure in eye reduced
Bleeding ceased
Secretion of

histamine etc. prevented
Symptoms disappeard
Pain relief

Bleeding ceased :gum
tissue normalized

Cells normatized(only
tissue culture tested)
Coat removal
prevented

No scientific evidence

Only laboratory
experiment

Local pain relieved
Local pain relieved
Bleeding stops :pain
relief

* PG = prostaglandins, thromboxanes and leucotrienes.
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