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Abstract |

We evaluated the nutritional composition including proximate, amino acid, vitamin, minerals, and
the antioxidant activity of buckwheat (Fagopyrum esculentum) pollen grains collected by Apis
mellifera bees, to be used as a species of forage plant with Quercus acutissima (acorn) and
Actinidia arguta pollen grains. The content of crude protein and fat were found 14.43% and 5.67 %,
respectively. Eighteen amino acids from buckwheat pollen were found, including 8 essential amino
acids. The predominant amino acids were glutamic acid, aspartic acid and lysine, accounting for
about 42.7% of total free amino acids. The concentration of vitamin C was the highest value of
13.7 mg/100g, followed by Bs (niacin) and B; among the detected vitamins. The predominant
minerals were potassium (1197.95mg/100g), followed by phosphorus (962.77mg/100g) and
magnesium (535.42mg/100g), whereas copper, zinc and manganese were detected as minor
elements. Antioxidant activity and total phenolic content accounted for 8.1% at 500ug/ml extract
and 2.25ug/mg, respectively.
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iy
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o] Q| ZE &AM 7 sl 2R FE T S AbAE
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%3 BhgHET) Bebi o] =, ol AT 2N B AE
59 EE2 AU oWshal k3kE A AT
Al &2 4] A thBlock and Langseth, 1994). $h&-2 |55
d shetEo] e tst B4 o] & FAkstA o]
CHAndrade et al., 1997; Sabatier et al., 1992). Lol =
SlRo oFof ul wWol=rk gy A v|tE 2 A
HAY A= a3 5ol HALE ATt -5, 2007; Fang
et al.,2008; Li et al.,2009; Abouda et al.,2011). H3}E-&
et BExo| R QHAZ O R ot g
7F ekl ey slolA = EEﬂﬂrtﬂr oHf
o 2 FoER Rl E o] RE57 s ¢ =l
A Uk k. 20164 27910 AR 317E0] 52
UE e 20179 HRE7]of 3722 0] 4= = ATht
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Table 1. HPLC conditions for the measurement of free amino acid in bee pollen
Classification Condition
Instrument HITACHI, L-8900(JAPAN)
Detector VIS 570nm / 440nm
Analytical column #2622SC PF column (4.6°¢60mm)
Mobile phase Na buffer set(pH-1, pH-2, pH-3, pH-4, pH-RG)
Reaction buffer Ninhydrin
Injection volume 20ul
Flow rate 0.40mL/min
Reaction flow rate 0.35mL/min
Column oven Temp. 57°C
Reaction Temp. 135°C
AUt Fsto], F27tE R oA 110 1°C, 22~244] He Fstlon, Table 1349} 22 21 0= FAIS}
77l BolEl L, R T BT kil ZA 7 ATHAOAC2010
QFsfo] 4°Col A 5% AxBho] QA A7 Bhict.
Qe Hehat A A skl dajol B ksl ok HIEK BA
Al &5 A2 F 02N FAAHEEF S5 A(pH22) sHEo] uleby] A2 B, B,, By, Cofl thale] A1A]
FE=002N Fakgelo R dgge s vhaof A9 SFATE -2 HL5F SigmaiK(St. Louis, Mo, USA) 2
e sl Walol G Aol WAL BE g Sosiof apgelgon], ok HILC 532
£ ARg-sto] of Isteinh Al AH| QL H X 2 ofu] e Ag5hgich vl B, BAL 9l5to] BME AR L
AL A TFE A]—@%Qﬂ% eyl ok 10mg ?:1"%‘8 = A mg ttolg AstelA =25 2, 5mM sodium
5 QUS| ob 0]e] 0CE WAAA L IAIAE L son S0 miS 7FEtol 308 e
91 10mLE 7tsto] B0] 7184 A9 0T em 22 = somiz 485} 3000 omo] A 21
A AAZE, 28R B 0°Cell A BhE R REAIBE 5 asto) AFE NS 04sum W HE o] WE| = of 3}
RN E BT EUHRLTAGLANEL sy i goton Agstaict ue B w4 o)
AZSFA Th ZEAE 0.05%(v/v) 2-mercaptoethanol $H-3- B A B2 mg o2 A uls] gol 2gheke] 33} =8
SION A 10mLS Abgofo] 7Hrash ABREE g et g 75~80rC 2ol M 2027F 7 F 51
%Z%E} A3 '] of| A2Feto R=wd SomL & A8 5 W e ol UE 2 o] a3 X|F gl o
3 5 23810 110+ 1°Cof| A 18A]7F 38l 8} th. A 2 ARSI} H|EH By B AL 31H A 22 me o
ARl IR e d, EYET o] 2] 9] opm| it AT ©]2 ZA13}0] 5mM sodium hexanesulfonate 292 ]
Qo0 Qoo ez ] =gl & ey =
/\]1:!00—1 tq‘a/\]uoo—le }—AIO}MQ‘EHE‘&XO %}_0] 7}_0}_01 30 Z_]_'}_‘Q‘J—]'X]a'7]i %iﬂ__-?—_som]_‘
FE A g-g 2 Tl Omg% SH3ok= HAIE 7 Q=17 Ol Al H a]= A= o]0
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SRl AEEe] U] oh §I ASA AR s ol mee ojuistol AHE90 2 X
00me:2 71RE TH5 42N PASFEEEN 3 mlS garqrey vebyl Co) 242 3122 5% metaphosph
7reraie SR A - 271 Al ol gAete] S oric acid (Wako) 20mL=2 A| &5 2 3H(Ultra-Turrax
E7)51al WE-she] 135+ 1°Cof| A 22417t 7153 T25, IKA Labo, Germany)5}o] Z2F SomL7}1] 42 %
SHATE 7hpall § Ehs ek AL 6N Ao R 22 FE7| 2 3087 53 refrigerated centrifuge
oIt 02N AP EFHTNEH A2 S (5304R Eppendorf, Germany) 12,500 x g2 1057+ 214]
S SR BN TAL poar 7 g5 e Astel 045un BE| 2 of ot
LA 2SS mgao s st vlEl Y B4 HPLC(NA-
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Table 2. HPLC conditions for the measurement of vitamin B,, B,, B; and C in buckwheat pollen

Condition
Classification . . T,
Vitamin B, Vitamin B, Vitamin B, Vitamin C
Instrument NANOSPACE SI-2, NANOSPACE SI-2, NANOSPACE SI-2, NANOSPACE SI-2,
SHISEIDO, JAPAN SHISEIDO, JAPAN SHISEIDO, JAPAN SHISEIDO, JAPAN
Detector PDA detector SHISEIDO PDA detector PDA detector
(Theromo Fisher, USA) Fluorescence Detector (Theromo Fisher, USA) (Theromo Fisher, USA)
Analytical column SHESEIDO C18 SHISEIDO UG120 C18  SHESEIDO C18 SHESEIDO MG120 C18
4.6 * 250mm 4.6 * 250mm 4.6 * 250mm 4.6 * 250mm
Column oven Temp. 40°C 40°C 40°C 40°C
SmM Sodium 10mM NaH2PO4 SmM Sodium 0.05M KH2PO4 : ACN
Mobile phase hexanesulfonate : : MeOH hexanesulfonate : MeOH 98 : 2
MeOH 35 : 65 75:25 35:65
Flow rate Iml/min 0.8ml/min 1ml/min 0.5ml/min
Wave length (nm) 270nm EX 445nm, EM 530nm  270nm 254nm
Table 3. ICP_OES conditions for the measurement of minerals in bee pollen
Classification Condition
Instrument Optima 8300, Perkin elmyer, USA
RF Power 1300 W

Gas flow rate

Nebulizer
Viewing type

Wave length

Plasma flow 10L/min (Argon)

Auxiliary flow 0.2L/min (Argon)
Neubulizer flow 0.65L/min (Argon)
Concentric nebulizer

Radial, Axial

Ca 393.366 nm, Cr 267.716, Cu 327.393, Fe 238.204, K 766.490, Mg 208 271,
Mn 257.610, Na 589.592, P 213.617, Zn 206.200, As 188.979,
Cd 228.804,Pb 214.423, S 180.669

NOSPACE SI-2, SHISEIDO, Japan)2} PDA DetectorS-
AH-8-51 %1 tH(Table 2).
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Table 4. Proximate chemical composition of buckwheat bee pollen grains

Crude component (unit: % dry basis)

Moisture Total protein Total lipid Ash
9.75%0.11 14.43%0.14 5.67%£0.16 5.18+0.01

40 -
3.5 A
3.0 A

g

£

<

Ile Leu Lys Met Phe Thr Trp Val His Ala Arg Asp Glu Gly Ser Cys Tyr Pro

Amino acid

Fig. 1. Content of amino acid composition in buckwheat pollen grains. Ile; isoleucine, Leu; leucine, Lys; lysine, Met; methionine, Phe;
Phenylalanine, Thr; Threonine, Ttp; tryptophan, Val; valine, His; histidine, Ala; alanine, Arg; Arginine, Asp; aspartic avid, Glu; glutamic
acid, Gly; glycine, Ser; serine, Cys; cysteine, Tyr; tyrosine, Pro; proline.

8-5t0] 2743} ChBeretta ef al., 2005). 32 32
lmLJ_} IN Folin-Ciocalteu reagent 1mLE %] 7}5}aL

2 5mLE 9o B 5E Zof AR of v gt l:}--—- 7%
NaZCO3 ImLE Y11l 2315t & Al20) A 3057k HEA]
%l & UV/Vis spectrophotometer (Molecular device
spectramax M2e, Sunnyvale, CA, USA)E ©]-8-5} %]
630nmol| 4| FE S 245}t

Nnﬂu

HE ek o] ARt EE AR Bk Table 42f 2
o} 2o SR 1443% 2 ksl 358%2) =
EEJQ}T 23%X 1t Wekor} S 140%<t vt

= 15.66%2} F-AFSFATHE 5, 2013a; 2| 2F 7, 2004;
o] £, 1997; & =, 2016). WU S}E0] 2Au} FHFO
561%= =ET] Q}T._— 11.8%2} thefj3}E 8. 7% K o) W
O“EL]- ZA| A SHE 3.12%, 3 3.0%9}F A
H 32%Kt} =tHE- 5, 2013a; Hong e al., 2016,

o] &, 1997; [} <&, 1990). HE O] AWk -2 H

3} 7] 21 0] o] 2] 3h74 8.2lof what 2jo] 7} lrk. w45
2 3hepo) uFo] Eow Wl HEAl 2R FAE)
SHE §9lo] Bhe A 0 2 FhekE|n] o= Bli G

ofn|i At X4

I SHE o ofn| it 2445 A% A= Fig. |
of| A&} Z+o] glutamic acid 5 18 9] ofn]i=Ato] Z7
5}, £ 3| phenylalanine, leucine, threonine, lysine, valine,
tryptophan, isoleucine, methionine -5 Z<=o}0] Ak 8%
& HZ stoesta Qi) sheke glutamlc acid 2.196%,
aspartic acid 1.370%, lysine 1.091% <=0| ) S,
tryptophan, cystine, tyrosine, methionine, histidine -2 4~

% EASI9e. EEe) kTt el sl ofulidt

2 aspartic acid, glutamic acid, leucine, lysine <~ © 2
3l (0] &, 1997; & 5, 2013b), £-3}HE-2 aspartic
acid, glutamic acid, arginine(3+ 5, 2004), ZA|v|#-2] 5+
B3} 3fjute} 7] $HE-2 glutamic acid, aspartic acid, proline
0 2 Byt tiHong et al., 2016; & 5, 1985). &
SHELo]|+= glutamic acid?} aspartic acid o}H] i Ako] F-%
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Table 5. Vitamin content of buckwheat bee pollen grains

Vitamin content (mg/100g)

B, B, B, C
1.26=£0.10 0.53£0.04 6.621+0.43 13.74%2.11
Table 6. Mineral content of buckwheat bee pollen grains
Element (mg/100g)
Ca Cu Fe K Mg Mn Na P Zn S
261.30 0.46 8.77 1197.95 53542 1.88 9.71 962.77 1.59 146.62

Table 7. Antioxidant activity and phenolic content of buckwheat pollen grains

Antioxidant activity (500ug/ml extract)

Polyphenol content (ug/mg extract)

8.110.74%

2.25+0.16

=1} thefj Sl ofl = leucine, 5-3Hofl+= arginine, Z-A]|
ulbe] 8ol sfukel] Sh, kol = prolineo] B
o] 37-&] o] Qlt}. IS} cystine, histidine, methionine 5

O] ofm|teqhd HE ol gk A s s}
o} &= glutamic acid, aspartic acid, lysine, leucine,
arginine, proline -5~ 65| oft|l=4to] 5 ofu| Al o
9] 56% = Solberg and Remedios(1980) 5-©| 175t
60%8k R AFEE Axfolct. ANFA 0 2 BHolt &

Herobul Al g g st slon Qe Ao

of wa} 2}o] 7} 9 th(Leblanc et al., 2009).

HIEHI 9%

g 3HE 0] vl kgl g2 Table 50| 4] €} 7o) v]E}
91 C,Bs, By, B, - 0= 51T W US| H]E}
1l Co] $H2F 13.74mg/100g-2- %—ﬁ}-g(ZZSmg/lOOg)J—]-
] 5420 6mg/100g) 5 TF TS0 L} Z A1) 2] 55
(57.81mg/100g)7} T}e 5H5-(48 44mg/100g) Kt} 2 Q)
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2ach ek o o) oIk B, T 0Smg/00g
Skt (793mg/100g) Et} A Q1 o} ZA )42 o}

C1 (O.87mg/100g)1_} ° A 3 A o tq 3 5
(0.69mg/100g) 5. Tk BEQFTHEF S, 2004: = =, 2016;
Hong et al.,2016; Hong et al.,2015). = ‘?:.jﬁ};;_i s|epal
S MR RS, thef ek ofl= H]E
91 C, H3hZol = BIEHYl By, 5322 B, @0l 7t

g 3HE o] o 34 Q1 10F v S 24
St A T}= Table 63} o £413H1052] |Fd 4 5
ZF&(K) 1197.95mg/100g} Q1(P) 962.77mg/100g, 1} L
vl Mg) 53542mg/100g =22 71 Tho] ghi-5 o]
Qlow, TLa|(Cu)et o3l (Zn)o] ZHz} 0.46mg/100g,
1.59mg/100g 0 2 A A gHiElo] A slet SAu] 4
Skt FIHE, HEHEol A= ZdEK) el M
werom AEFe) 7HE AA e o] 2 th(Hong
et al.,2016; 3+ 5, 2004; & 5, 2016). 2 H3}EL0] n|2f
U P2 v g o) *ﬁ’r—rOﬂ% 28, ¢l a1y

& w2, ekt SAMA SRS A, QL A
& o= go| Fasolnh o] gkl A U
o] Al Yol whet theFstA & 225k (Stanley and
Linskens, 1974). | W3} 2 O] K/Na H] = 123302 = &
2] 3HE 12,593} B SR 31.93, ZA| B4t 2] 3HE 44 035
o} =Qkek(o] 5, 1997; 8 5, 2016; Hong et al., 2016).
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THWesh & Marston, 1983).
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