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Abstract |

We investigated the nutritional composition including proximate, amino acid, vitamin, minerals, and
the antioxidant activity of rice (Oryza sativa) pollen grains collected by Apis mellifera bees, to be

used as sources for feeding bee colonies and
acutissima (acorn) and Actinidia arguta pollen

as healthy human food supplements with Quercus
grains. Crude protein and fat content were found

15.66% and 5.31%, respectively. Eighteen amino acids from rice pollen were found, including 8
essential amino acids and 10 non-essential amino acids. The predominant amino acids were
proline, glutamic acid, aspartic acid and lysine accounting for about 47.7% of total free amino
acids. The concentration of vitamin Bs (niacin) was the highest value, followed by C and B, among
the detected vitamins. The predominant minerals were potassium (514.45mg/100g), followed by
phosphorus and calcium, whereas sodium (Na), zinc (Zn) and iron (Fe) were detected as minor
elements. Antioxidant activity and phenolic content accounted for 36.09% and 15.67ug/mg,

respectively.
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al., 1997; Sabatier et al., 1992). 2 S} (bee pollen)> &
Hol of gl Hoj Al Blo]7] fJsA] the]of =35 2= 3}
ol B3 a7t EE ] AHA " 54X Holy
T JAEo] Tk L RE A A7FAE
o =2 o]8Eo] YrhA =, 1984; Todd and Bretherick,
1942). ERHSE-E B0 f-53 5o Yo
B sk, AR, HIE, 7713 59 ddd Rl
FH-oh, B3k 2 AT o] Y molth(&], 1995). Shi
Z O] §7HA 7§ & AAAF o R W H a8
Al, 223HA|, AZI A, =3} 5 ot Agte] av
7 Aokl A A glom, 2| tofl= A B S
A AU HtE 2 AP A= 83 ol B
LA TH(F] 5, 2007; Fang er al., 2008; Li et al., 2009,
Abouda et al.,2011).
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(2008)°]] wiel B TS ARMA R © 2 105°C

1=}
oA Hxsko] A, =
Kjeldhl™] ©. 2 Z}-5 ozl B4 7] (Kjeltec 2400 Auto
Analyzer, Foss Tecator, Denmark) 2 E-43} 9 ©. 1, 2]
HF-2- Soxhlet =% 7](Soxtec System HT 1043 extraction
unit, Foss Tecator, Denmark) & A}-8-3}¢] diethyl ether=
sesfo] Aeeleon], 2315 600C A4 83}

ES
B0 8 245493, 2495 125% H,S0, = NaOH
ey oz 25l

ofn| LAk A

oAk 2/ AT AEEA AT (2008)0f| whet
Pico Tag System(Waters, USA)E- AF2-514 TF T 4] 40mg
O] Al 2E A I8} vialol| G2l NHCI 1SmlE- 7F5}od, vial
O] Ak & AAE A8 S 110°C EolA 44175
QF7hEalistiet. 7 kel F -8 o = RE| Soule- 7
5] Pico Tag®] 3£ o] 2J8}0] PTC-amino acid 24|
£ Alxste] 48 Alm= ANESIQITh 4ol ARG
O] FA); 8-oll0- A 890 godium acetate trihydrate 19.5g,
triethylamine 550l 1L milli Q water S 19t 5 Q1AkE AR
1o pH 648 TA510] 4| 23189 935ml 2H CHCN 65ml
2 E35to] A2k B2 60| CHONS 1t
EREEPIE

HEFI EA
Blebl ghee A3 B (2008)0] whet )
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Table 1. Operating condition of HPLC for vitamin B2, B3 and C analysis

Classification

Conditions

Instrument
Detector
Column

Oven temperature
Mobile phase
Flow rate
Wave length (nm)
Injection volume

Nanospace SI-2
PDA detector(Theromo Fisher, USA)
Shiseido MG120 C 5
40°C
0.05 M KH,PO, : ACN =98 : 2(v/v)
0.5mL/min
254nm
Sul

E}71 B2(riboflavain), B3(niacin), C(ascobic acid)S &4
skt
HABHE AR 262 0.IN HCl &
N 25mLe]| Wal v 58 Fof 0=t H&ESto] 7}
4 E3)3t t}-2 2N Sodium acetate buffer= pHE 453
k2 3 Takadiastase 300mg2- 713F 3 37°Cof| 4] 184]
F Ao S SOmLE BrE T 4lE
71(5804R, Eppendorf, Germany)©j| 4] 3.000rpm, 557+
5] 5to] AFZ0S 02um syringe fiter2 o] 7}5}o]
HPLC(Shiseido Nanospace SI-2, Japan) = $+55-2 =43}
O HPLC2] %712 Table 17} 2T},
H]EMY] B3 242 A& 2g2 0.IN HCI -8-2H 25mLo||

430 1] 548 Fol 087 WESlo] Rl +

r\ >{El

Z2S 50mL= Y& o2 shaker® 5E-7F wHlSIS
T 221 7] ol A 3000rpm, S A2 ske] 4

M- 02um syringe filter2 o] 1}5}o] HPLCE e

H 2] o

HlEbyl C 242
acid(Wako) 20mL = 2 $HUltra-Turrax T25, IKA Labo,
Germany)3ho] FL SOmLE W 5. 2804757
= 3027k =53k Y42 e 7] oAl 12,500g= 10
24123 3 APEIS 045um BE 2 o] 7}
A & HPLC(Shiseido

e, &7l UV

Al & 15g& 5% metaphosphoric

Z
oo
5
]
|72
o
oo
o
o
w2
P—1

3 w4118 (2008)°f) w2t
PR Al =25 105°Cof| A 16A]3F 2 2810 th4y

Uk 0.5g2 F5ho] 600°C 38tz ofl A 2417t 313}
71 2 WasHeT. 318HE Al RS microw-
ave(Mars5, Mars6, CEM, USA) £3|8-7]o| @11 ZAF
—9—0“(HN03'HQO: 1:1) 7TmL-E& & 7}3}o] 244171 E3)
A 7] B GALNHCLH,O = 1:1)S 7}3}0] 44| 7F &
3l Al 71t} o] 2} %] (Whatman No. 6, Maidstone,
England)2 o1}sto] AR Z o] 51t} vl 2k
A BALe v A3tE et Zul(Inductively Coupled
Plasma, PerkinElmer Optima 8300, USA)Z ©]-85}o] &
2F519) o vl n|ekel 4 0] 712 whAL 7k 317.933nm,
Z 238204nm, Z-& 766.490nm, 1} 14|45 285.213nm,
E & 588.995nm, 0} 213.856nmo] $i T},

>

ot By £F

B 515 O] &}AFsE &A]-2 2,2-diphenyl-2-picrylh-
yrary (DPPE)S: AL G-510] -6 2he| 24 S0 2 &
75} th(Liangli 5, 2002). 96 well plate®]] 3 &5
1012} 02mM DPPH 190yl #3517 E3-s}o] 4l
2ol A 3027+ A i]fsk % 5170mo| A SYEE
3t h AR F o] 58 Ll Al oot ).

AR50 -5(%)= (1 PAR=E2 gt o) ok S myA=00s b R

O] F45) %100

=
=4

3 Hs o
% phenol 322 Folin-Ciocalteu 2 AF8-3}0] &
Ak aL, I A2 gallic acid(mg gallic acid/g)=

AF=5H9 th(Beretta ef al., 2005). 96 well plate©]] SH&- =
%53} Folin-Ciocalteu reagentS Z3}5}10] 5871 2k 4]
o] 3., 7% Na,COyS A 7}alar Ao 4 9087 A
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Table 2. Proximate chemical composition of rice bee pollen grains
Crude component (unit: % wet basis)
Moisture Ash Fat Protein Carbohydrate
23.65+£0.08 1.67£0.00 531%0.38 15.66*0.11 53.71%0.12
2|5t % 630nmo] A SE =S 245} ©F 74, 2004), thelj ot 35.8% (8 5, 2013a), SA|H|K
2 3} & 23.05%(Hong et al., 2016), B} F 5}
24.6%( T 4=, 1990) Rt} oo Ly £35HE 14.0%(0]
2l X 18 5. 109D ek 250 1T A15R60] 3 A
of wha} ZARGE 2l shekl 10.75~20.24%°] %)
YuryE 2o 5
ot B st o] 22 ke 53192 EE 2| SHE
H ok o] URb g2 A% A= Table 29 2 11.8%3} Hefj SH 8.7%(& 5, 2013a) Kt} Sfont
T HSHE O] o2 2 23.7% = 71(1986)0] =3 4] Z A B 42 ShE 3.12%(Hong et al., 2016), 5 2h
AFFAY, A, FRAR) wek 2ARE 30%(0] 5, 1973 FAHEHE 32% (3 <=, 1990) 1=
354~425% Rt WL St o] =F AR 714 ‘C =9kt A 71(1986)0] =3 A Qo) wha} ZA}
AL AYAZ], BAe) 24, F A Aol whEk v & 22 SRS 165~205%0] $ict. B 2hE o e
2o, 53] ol shE= s flal ol sl Ee 3 S 53T71%E SR ShE 479%%} th s
S ESHEFA0~60%) 0] FeF-S o] Bt=t(7], 1986; 48.1%(% 5,2013a), 3} 319%(°] 5,199 Rt =
Stanley and Linskens, 1974). ¥ 3} 59 3] & 3lgF o Qro | ZA MR SHE 59.94%(Hong e al., 2016)2}
167%2 EE2| o 27% (X2t 7, 2004), thefiohd  B|Sesgich oh2 o) At 22 Wl 2] 99 9] 4]
23%(8 5 2013), F2HE 32%(°] 5, 1997) K.t} Sk St 8 Qo whet zfo| 7 it ©hpshE o] WS
th 2okl SheRo. 1566% 2 £ 2] S 22.3% (2 ol o U BEA 2EFAES shE ol &
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Fig. 1. Content of amino acid composition in rice bee pollen grains. Ile; soleucine, 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.



1l 5HALS| B 223

Table 3. Vitamin content of rice bee pollen grains

Vitamin content (mg/100g)

B, C
0.6970.0 4281+0.25 0.670.62
Table 4. Mineral content of rice bee pollen grains
Mineral content (mg/100g)
P Ca Fe Mg Na Zn
347.02 89.68 3.85 514.45 84.2 16.11 5.18
& Ao @ kel ol B1E S Felucose HI o]t AwbA 0 Siol BE Weolu|ebe ¢
of 272 4 EIeh. 1986). foka glom ek 48] Fol ket 2ol 7} glek

W5 o) obul A 4% R4S A7H- Fig. 19]
K9} Zro] glutamic acid 5 18%-9] ofn|=Ato] EAY 5}
™, £3| phenylalanine, leucine, threonine, lysine, valine,
tryptophan, isoleucine, methionine 5 & 4~o}u| Al 8%
& 2% hgala olek. BEFE oAl v ofue
A} proline©| 3270% = 7} wWo| gh&grjo] 9l o,
glutamic acid 1.356%;, aspartic acid 1.334%, lysine 1.054%
£=0] %1 6., cystine, histidine, methionine 52 A% &
Weksict. w2l skt chgskiie] ofu|iAl 24
2 aspartic acid, glutamlc acid, leucine, lysine <=~ O &2 H-32
sl (0] 5, 1997; & 5, 2013b), 4 35}-2 aspartic acid,
glutamic acid, arginine <=©. 2 2435143t 5, 2004), =
A w2 stE I sfjutelr] 32 glutamic acid,
aspartic acid, proline <= ©. & X323} th(Hong et al.,
2016; & 5, 1985). whehA] MSHE O] ofu] Al 242
glutamic acid?} aspartic acid7} 7}4} Wo| Bz shm, 1
o2 EEﬂﬂ*# ool ShZ-oll = leucine, <52}
o= ZA e st sfuietr | S, B
SHEoll= pmhneol ol ehrE o] et E3t cystine,
histidine, methionine 2] o}n|=AFS HE SLRof 4
& ZA51%tt. 9] 2 3+= Solberg and Remedios(1980)
& SHEol=
leucine, proline, lysine 5 65 2] ofn]i=Alo] ZA| ofn]
Ak o] 60%2 AA Bk B e} g Ale A3}

aspartic acid, glutamic acid, arginine,

(Leblanc et al., 2009).

HIER B13

H3hi 9] H|EFY B, By, B;, C9] oS 413
TH= Table 33} 2t HIERY] B2 BiShol A A&
2] okoF © v, H|EMY] B,, By, C2] -2 7H7} 0.69mgy/
100g, 428mg/100g, 0.60mg/100g © & LFER T, B Sh2
O] veHYl B, 9FF2 o] 5(1997)0] Higt e 23}
A 0.8mg/100g 7 5 2hE 0.6mg/100g7} H| 523} ATt B
EFY] CO) FhegF2 33k 5, 2004) 2 FAFSH o1t
ZA 842 SHE 57.81mg/100g T 2] T

ruﬁ

a2

°
>
g
ot

(K)O] 514 45mg/100g2§ 71
2 B (Fe)o] 3.85mg/100g©- 2 7174 &

OF. 2F 5(2004)0] 43 ok o] vFreaoA e

Z 2K} 21(P)Q] atefo| 714 wok o, A B (Fe) 7}

A AA o] AT KNa v = 319302 =&

2] 3HE 12597} 31 1088 tf =30 L(o] &,

.ﬁ
'
=

°
ol
%

1997) 7] 2 2] 55 44035 0F= WL}, CaPH] =
02605 Qo] ulal| Zh4ro] - e A 0 2 Lyepteh

QAL gy U T U

Hah o] ahaket B4 W F ol RS BT A

Th= Table 59F L. BShE o) Affeht Z 47|
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Table 5. Antioxidant activity and polyphenol content of rice bee pollen grains

Antioxidant activity (ug/ml extract)

Polyphenol content (ug/mg extract)

36.0910.74 15.6710.16
et Aket 2dS == 500ug/mlof A 36.09%°] HAO =
Ao, S =2 med 15.56uge] vt DPPH
radical 22752 AFSLA G0 Ofsle] WAFE  RAT:BEATY 2Tl TEATR
hydroxyl radical, superoxide radical 52 A|7]5}+= Ak N 7)< 7N AL (IHA FH S PT 010837)2] X o] )5
o} 528 WA o A1 9e o8 HE A;olth  Jeapm Anpu,
(A =,2000; 0] =,2011). A} B} B = =
gt o= ohefo] Was & J o= A4 3l
©0{(Kim et al., 2015), FH4Ha} SHAL EaluisA 2 ageEd

Ao pAV1S B3 S Foloh o mel 22 B
W QYRR lste] Lehuleka oelA glekel
5-2009).

L =22 2= 2 ufH A (778ha)
of 7V Be W SRS o)F Bpow AU
AL FoFAgE, vFH s, FAke & & HUte
AT}, AR E B AT 45 2365%, 55 167%,
2 A 15.66%, 244 5.31%, B4 3HE S

53.71% % t}. ¥ 3+ E of| = proline, glutamic acid,
aspartic acid, lysine 5 2] ofu]i=Alo] o] &5}
%10 1, cystine, histidine, methionine 52 A% &
Aakct. vl Seke B, 0.69me/100g, B, 4.28mg/
100g, C 0.60mg/100g 8. =2 ElT}. v|=Fed 4 o
2k o 72 (K)o| 514.45mg/100g2 2 7} whol 3t
Gx]o] 9l o, M H (Fe)o] 3.85mg/100g.2 & 7}
A g of 1Sl W&k o] DPPHO| ofj ¢t &
4heh & 36.09%0] o, T =T EFS mg
o 15.56uge] it M3t o] X4} 3l v E
2 shi ) che st Rl uls) H ot Zau] s
Shi, 43HE, SSRGSk ofu) Al 2
e Aiotu| et 85 EE3lo] 1859 ol
LeAbo]l FHSHA Ak o, Aakst S =

*5}o] o] & B} o 2 sfto] 7| H ),

O

A 2. 1986. 3HE-5F 31e1 ] 24 W ofu| A FF. SF=oF
12.5}3] 4] 1: 91-96.
A, =4 1990. oL F shafol whE o] aheha
A o] M3}, shto) —‘g_zﬁﬂ Z] 5:23-30.
Ad, AIF, A3 82} 2000, vpo| AR o B 3
2o g H&RAol FEEY T EYvs ¥
92 d 2 g o] 28 HE) k=4 F ks3] A] 153:

o

1022-1028.
oy, FHL, Y, A . 2009. =2 FEEA T
Abeh B3 9l AbeE AEE Aof tfgt AAE R

Z4-g 34 E3}8}E] 7] 41: 87-92.
olR g 3= BHARE. 1997, T AL S}E Ul FHE ==
O] AJ B BLA Fha- A Z 318} 5] 2] 29: 869-875.
dkofj 2], H &, AEd, AR A, k53], o] d-&
W, H2HE, Aleld, vl &, 2011, ARERO] A3
shoba] AR Al Boll, g orgaE st
19: 111-116.
T8, 8, A< 1985, sfjrtetr] sk E o ofm] a4k
2437} rat 7F alcoholhydrogenase 47 of] 1] 2] = <
F. 3= A 5H3] 4] 14: 27-32.
A7, 8o, A4, U, 1084, 122 0] JpAEe
2 A1), gh=t g oF Al s3] A 13: 169.
2|47, A-8-3k 2004 o A o] kA gl shlny 25
Al S Zaff ATt uAe Gk A dAT
3] Z] 33: 1353-1358.

e

1715t ¥

s

Au{u ﬂ

r:{o
O

(

2)%-&.1995. AR F 23t AL A &
Az, 91719, A, A4H. 2007, £E 2 5] o}

2o & *—1‘%%0113 A A} R A F A
=3513] 2] 14: 87-93.

, 0154, 1 3} 2004. High impact planetary mill 3-%4
= o] &% 32}*—4 Azzd oy 7)s. dsdieta
A7 A= 3] 12: 43-54.
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