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Analysis of Nutritional Compounds and Antioxidant Effect of Freeze-Dried
powder of the Honey Bee (Apis melliferaL.) Drone (Pupal stage)
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ABSTRACT: In this study, we analyzed the nutritional ingredients of drone pupae (16™ to 20" instar old) to evaluate the value of bee products
and provide basic data for product diversification, and the extracts prepared using these pupae were tested for physiological activity. According
to the analysis of the general ingredients of the freeze-dried powder of these bee pupae, the moisture, crude protein, crude fat, and crude ash was
1.69 + 0.07%, 48.52 £ 0.20%, 23.41 £ 0.14%, and 4.05 *+ 0.02%, respectively. Vitamin C and vitamin E were 14.92 + 0.52 mg/100 g and 6.06
+0.11 mg a-TE/100 g, respectively. Regarding minerals, the highest content of K (1349.13 + 34.57 mg/100 g) and P (1323.55 + 43.85 mg/100
g) was observed and Ca and Fe were 55.43 + 1.51 mg/100 g and 5.49 £ 0.19 mg/100 g, respectively. The fatty acids of the water extracted
freeze-dried pupae powder accounted for approximately 59.62 of saturated fatty acids and 40.38 of unsaturated fatty acids, and high-quality fatty
acids such as palmitic acid (C16:0) was 35.49 * 0.08 and oleic acid (C18:1, n-9) was 35.91 £ 0.22 (g/100 g total fatty acids). The total amino
acid content was 38.99 + 2.63 g/100 g and the free amino acid was a total of 5129.04 mg/100 g, of which 1257.68 mg/100 g was proline and
759.12 mg/100 g glutamic acid. The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity of the drone pupae extract showed values
of 0.8 for distilled water extract, 3.2 for 50% EtOH extract, 6.4 for 70% EtOH extract, and approximately 90% for 32 ug/mL for 100% EtOH
extract. These results suggest that the main compound contributing to the antioxidant activity is a polar compound, and it is highly likely to be
a low-molecular protein or a free amino acid. In conclusion, the honey bee drone pupa is excellent as a food resource and can be utilized as a
new functional material for food and functional food.
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#|3}+] membrane filter (0.2 um, HM, Seoul, Korea)E |83}
o] oJT]E %, Table 19]] AJAIGE 2719 ofn|ieil A5-247]
(S433-H, Sykam GmbH, Munich, Germany) 2 %5435}
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N FAAGEFEAEMN(pH 4.25)2 7}5Fe] Amino Acid An-
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(Table 1).

FE[0H| ket

el ob| Al B4 AR 2 g0l 95% oflE-E-20 mLE 7}st
o] 30°C oA 130 rppm o2 1 A7t SoF F&3}qic) 50 &
W A|&EE rotary evaporator® E245 A3 &, lithium
citrate buffer (0.12 N, pH 2.2) 10 mL 2 JA5HA F=F3}ct
AeFE] gHo]| 3 sulfosalicylic acid 0.2 g2 A 7}5}F0] 4°C of| A
1A|ZF X 8F9I o) v 7 B A 2= 0.2 um membrane filter
2 oJ3}3}al, ]2 1 mLE lithium citrate buffer (0.12 N, pH
22)9} Z3k5to] AT BER |43 T, 1% | mLE F5
o] Table 19] 270 ufe} ofm| Al AF5-E47](S430, Sykam
GmbH, Munich, Germany)E- ©]-&3}0] A oFE 519t

AGE B Y] AR 2L A 24 2
8 =

A5}7] 95k A|& 1 g2 chloroform/methanol (2:1, v/v, 10
mL)E 55+ ojsto] oS3t A 55 100 mg= 7

Table 1. Analytical conditions for amino acids in Apis mellifera drone pupae using the automated amino acid analyzer

Instrument S430-H (SYKAM) S433-H (SYKAM) L-8900 (HITACHI)
Column LCA KO07/Li LCA K06/Na Ion exchange resin (Na type)
Column size (mm) 4.6 x 150 4.6 x 150 4.6 x 60
Column temp. 37-74 °C 57-74 °C 57-135°C
Flow rate Buffer 0.45 mL/min, reagent 0.25 mL/min 0.4 mL/min
Buffer pH range 2.90-7.95 3.45-10.85 -
Wavelength 440 nm and 570 nm 570 nm
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Table 2. Analytical conditions for fatty acids in Apis mellifera
drone pupae using GC*

Items Condition

Shimadzu GC-17A
(Shimadzu co., Japan)

Instrument model

SP™.2560 capillary column
(100 m length x 0.25 mm i.d. x 0.25 pm
film thickness)

140 °C (10 min) — 4 °C/min —

Column

Oven temperature

240 °C (30 min)
Injection temp. 260 °C
Detector temp. 260 °C
Split ratio 1:100
Detector Flame ionization detector (FID)
Injection volume 2 uL

*GC, gas chromatography.

A& Zef2 =0 #3512l 1 N KOH ethanol -9 3 mLE 4]o]
LA L0 9o w71R] WEIAIZ] TS, 14% BF; methanol
3 mLE H7Fshick §]'-rr‘§7"7]§ Haksto] 5871 80°C of| A
7}d5}to] methylesterst 3+, o] -&-Hof NaCl 33180 3
mLE 713t th2, thA| n-hexane 1 mLE 7}5}ho] £33 5 A| 3
ol £A BRI, 5= 55t 4= NarSO. & |
FE-S AlABEL, ©]F 0.5 mLE vialof] ZF{gt 3 gas chro-
matography (GC-17A, Shimadzu Co., Kyoto, Japan) & E-41 5}
Atk GC B4 =72 Table 29 Zth
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Qb F=&313 o, FEH2 NO. 2 9| ZHA|(ADVAN-
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1200BVW, Eyela, Japan) S AR8-51o] F5A17] 3 52235}
of ARjol] ARGl A3t A ROl Z42Ho] 58NS 7t
310 40 mg/mLe] s A3 5
(NYLON, HM, Korea) & oJ1}5}9l o, o1l A RS =
& 3]Asto] HteE B4 Brelelth et & ascorbic
acidE AR&-5F3ATh

0.45 pm syringe filter

DPPH Radical—scavenging Activity (%) &8

Blios (1958)¢]] &3}o] DPPHO] thgt A|22] 44~ 2052
Z2A5199T). &, 9% %9] A& 10 uLoj 0.1 mM DPPH (1,1-
diphenyl-2-picrylhydrazyl) methanol-82} 190 pLE 7}l
vortex mixingsto] 37°C o] oFx Ao A 3087t HFSA17] &,

spectrophotometer & 0]-83}09 517 nm 2 S-F =& =751

Tﬂ

ABTS" Radical-scavenging Activity (%) =X

7 mM ABTS [2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid)] 2} 2.45 mM potassium persulfate S ¢F4~0]| 4]
16 A)7F 501 932 ABTS working solution-- %=8]3}ch
Z=H]3F ABTS working solutiong 549} &315}0] 1087+
25} B 734 nmol| A SHE7}0.80 + 0.027} HEE 2 A6}
ek Y] 3280 s A8 10 uLoj] ABTS
working solution 190 pL& 23}5}0] 420 4] 30 5o W%
AlZ1 & spectrophotometer& ©]-8-5}01 734 nmoj|A] T4 =&
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=45tick

HHE 7] B2 16~20287]2] HH|7] =4
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Table 3. Analysis of general components contained in the freeze-dried powder prepared from Apis mellifera drone pupae (%)

Moisture (%) Crude protein (%)

Crude fat (%) Crude ash (%) Carbohydrate (%)

Drone pupa” 1.69 £ 0.07 48.52+0.20

23.41+0.14 4.05+£0.02 22.33+0.33

*16™-20" instar of the pupal stage. Values represent means = SD (n = 3)

A A}, A RS S AR AR
1L AT Choi et al., 2000)2} |23} S220] £ 2 1
AZE| A b2 A mE A Aol A= Tl d gheF
OF 1%z =AE ¥ 1% 9J9JtkKim et al., 2018a). E3k
e} A Aol A= Tl 5= 7E70% o Rl Ao R B
= vlE 9lojA)(Kim and Jung, 2013) Z}7+0] ¢l E7] o] B4
A7) 57 9 AA Y Aol et A= e A =2
A0 Helr w3k |7 = AR 7] o] Wi ohi
rob Aol weba] el Aol 7 sk Ao oF
A It Ghosh et al., 2016, 2020a, 2020b). Z22 o0& =&
HE7]= 7]E A} vsshA =83 F4d/4we] TR
oF50% H&=Ql Ao w elwglar, Ty tlEo] A, §
FoHEo] o A FAE O] JlojA SRt Tl S 9
T AEUEL E 5 oS Ao Ak ey Ao
H, A7, Abete] 9 Y]] fof whet @ gl
Apo|7k Qe A2 AR EW, ¢Fo = oo} gt A7t F7}
Aoz v Jag Zl o= wrkerh

¥R oo ox
o o Ar

L

s

ofN Moot Rl ope

Lo M| LAt 72[0HD| et

ofu| k2 AA| U o]l A oligopeptide T+= polypeptide el =

SR A Gl AT el FER EAsT o

1=K g/100 2)238.99 +2.630] 355 A0 & HA 9T
(Table 4), ©] == glutamic acid”7}6.16 + 0.33 0.2 713} o] 3-8
5o glo] AAS Wi HT} 18 Aow BekEin, S8 2
Zrolu] - ALS 24 valine, leucine, lysine 9 isoleucine©] 214 Z
potuieAb §1 5 60% )4 BHEI0] 98-S o4 3 o]
£ = leucine, isoleucine ¥ valine2 BCAA (Branched-chain
Amino Acids, EA RSO eAh of| £8=H), ol= T2 H4T
ol A Atske]o] 50 o A Y e = o] §E= Ao E AT A Q)
T Wagenmakers, 1992; Yang, 2007). 3} lysine= ZebAl $H4
of ¥hoisto] wies} Ao Auaprf Qli= A o' dTA Ut

Table 4. Amino acid composition of freeze-dried powder prepared
from Apis mellifera drone pupae

Items Content (g/100 g)

Threonine 1.61+0.09

Valine 2.61+0.70

Methionine 0.76 £ 0.08

Isoleucine 2.07+0.21

Essential Leucine 2.39+1.43
AA Phenylalanine 1.56 £ 0.12
Histidine 1.77£0.18

Tryptophan 0.47 +0.01

Lysine 2.37+£0.90
Total 15.61+1.72

Aspartic acid 3.64£0.20

Serine 1.89+0.10

Glutamic acid 6.16 +£0.33

Proline 2.33+0.14

Non-essential Glycine 2.32+0.16
AA Alanine 2.67+0.12
Cystine 0.08 = 0.00

Tyrosine 2.29+0.22

Arginine 1.99+£0.10
Total 23.39+1.05
Total AA 38.99 +2.63

AA, amino acid. Values represent means + SD (n = 3).

(Zhang et al 2007). T ZA1A A 2], 2gutol A ol 4
Lo §20] & ouli-Ato] Z12F47.79, 47.18 2 34.80% A=
e o] QlEkaL Hal(Baek et al., 2017)% B} Ql=d, 4|
2417|222} ol 2R Ao ]3] % ottt Fgol
702 ZAEIYICE 4812 feloh)eAlme/ 100 0
Z26F0] =L, T %14 5129.04 + 85.39 & FA] &
CH(Table 5). ©] = proline©] 1257.68 +32.072 7P =& =&
S B 37, 71810 glutamic acid 759.12 + 11.20 > tyrosine 376.44
+7.97 > glycine 316.51 +4.35 > arginine 304.43 £+ 9.19 <=0 2
A 3% =tk 53], proline&- 773} 9] 17} o] =&

Fohar & #] 9tk Cho, 2005; Misiura and Miltyk, 2019). -2

N

o

It 32 rlo AL
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Table 5. Free amino acid content in freeze-dried powder prepared
from Apis mellifera drone pupae

Components Content (mg/100 g)
Phosphoserine N.D.
Taurine 272.88 +4.57
Phosphoethanolamine 251.44 +£10.20
Urea N.D.
Aspartic acid 59.11+0.95
Hydroxyproline 4598 +0.76
Threonine” 9220+ 1.91
Serine 86.53+1.72
Asparagine 177.47+2.72
Glutamic acid 759.12+11.20
a-Aminoadipic acid 42.31+4.33
Proline 1257.68 £32.07
Glycine 316.51 +4.35
Alanine 181.48 +2.80
Citrulline N.D.
a-Aminobutyric acid N.D.
Valine" 167.99 = 4.09
Cystine N.D.
Methionine” 18.69 +0.79
Isoleucine’ 90.19+2.16
Leucine” 167.35 +4.99
Tyrosine 376.44+7.97
Phenylalanine” 105.25+3.33
[3-Alanine 94.86 + 3.50
[3-Aminoisobutyric acid 60.94 +9.30
v-Amino-n-butyric acid 8.63+0.30
Histidine 107.46 £2.98
1-Methylhistidine 3.32+£0.50
3-Methylhistidine N.D.
Carnosine N.D.
Anserine N.D.
Tryptophan” 66.44 +£24.16
Hydroxylysine N.D.
Ornithine 14.36 + 6.65
Lysine” N.D.
Arginine 304.43+9.19
Total 5129.04 + 85.39

*Essential amino acid. N.D., not detected. Values represent
means + SD (n = 3).

o) ARS. thilz] Hifgiof oJsle] AJAE]TU(Nowak and
Piotrowska, 2012), 5ol wt o2 9hE vepf=d, 99k
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serine, alanine, threonine, proline, glycine®]] 2J5}, A%-S aspartic
acidof] 2J3f, 292 leucine, isoleucine, methionine, pheny-
lalanine, lysine, valine, histidine, arginine®]] 2|3, 12|37 72k
2 glutamic acido]] 2]} E3l == Ao 2 UefA QthKim et al.,
2011; Lee et al., 2011). Luk& 0 2 A8 SEo] A 117]] Gho]
SelopulieAl, TEIS, o, G714 2 S Sof J3) e 1,
F0lE FEjotulieAl, ARAL AEZ} HE|= 2 IMP (inosine
monophosphate) 52| E3=0] 71Ho]| oste] & JE i Cam-
bero et al., 1992) 31 3Tk Table 50 A|A|§F v} o] S=HH|
7= 78 o AR 12 4] 3R85)ar Qlo] JofA] ZHo|

o] Rt A AR =M A A 77 e A 0= wehEt
X[t

572 205 Suie ) o] Ak 9 T RS At
A1}, 8% 9] 33| HMi K Saturated Fatty Acid, SFA)Z} 359 1
ZHEESIAPAR W 2329] 11 = B3 SR HFAK polyunsaturated
fatty acid, PUFA)©] &% %It Table 6). ZIR|HALS: 55
A Aol o] 531 Al AoIAE vl ok T the
O] =t R 7] ol A = 2SR AT 59.62, =3
SR K unsaturated fatty acid, USFA)©] 40.38 g/100 g total
fatty acids 2 USFA/SFA H]-£0] 0.68 2 24 =1t} Kim et al.
(2018a):2 A23}4] QRS 4wt 7] ] Ak o] Qo]
ShAupAto] 3,142, BashAurate] 2.31 g/100 g O & BAE

o], o] R T (AHEAL 712 15.47%) 9} 2 T17](4.67%)
| 31501(3.96%)°] A AL FT) ol Sl 7 S

AR 2 SH3| o] 87ls T o2 Hughul 9k T2
Az g Suvi7]e] Eaba - ego] By
of wjsh E‘rﬁ\— =7| tlzoll AHEe AtskAY tE 74
S Eoeho = e s ite) vles 2
o Wart e Aow AR A 24 Gk 713
Qlof| &= Zu|g A of Thoj3}(Moon, 2012; Rule et al., 1995),
7FEolM = E5, A, 39 AR T 5 ARl wEt
A Ak 2430l Aol7} Qs Ao R 1 iE ul e(Cho et
al., 2005). =W 7o) T-3-Elo] Q)= L3R WAL 2 lauric
it 28 009 0% TAAYeD| ol &
F&o] o, AU fFallAlete Al A Asol dEA 3
myristic acid ¥ palmitic acid2} $}7] 4|l HDL =g /\Eﬂi o
%“Eiﬁ T AE 7P AL Sl R ol o] 2Rt
A palmitic acid”7} tFF $Hq-%o] lth Arachidic
acid IE3F 2 AHE B0 28 =L x|Hkato 2 ok A
10141 7 713 7ol AR A eolch, Suwizlo] B

L_
AT
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Table 6. Components and concentration of fatty acids in freeze-
dried powder prepared from Apis melliferadrone pupae

Table 7. Components and concentration of vitamins in freeze-
dried powder prepared from Apis melliferadrone pupae

Items Content
(g/100 g total fatty acids)

Lauric acid (C12:0) 0.64 £ 0.06
Mpyristic acid (C14:0)) 4.64+0.23
Palmitic acid (C16:0) 35.49+0.08
Stearic acid (C18:0) 14.46 £ 0.31
Arachidic acid (C20:0) 0.74 £0.03
Behenic acid (C22:0) 0.22 £0.05
Tricosanoic acid(C23:0) 2.17+0.10
Lignoceric acid (C24:0) 1.26 +0.32
Saturated 59.62 £0.14
Palmitoleic acid (C16:1) 1.13 £0.05
Oleic acid (C18:1, n-9) 3591 +£0.22
cis-11-Eicosenoic acid (C20:1) 0.17 £ 0.01
Monounsaturated 37.20+0.17
Linoleic acid (C18:2, n-6)" 1.14 +0.02
Linolenic acid (C18:3, n-3) 2.04 £ 0.05
Polyunsaturated 3.18+£0.03
USFA/SFA 0.68 £ 0.00
MUSF/SFA 0.62 £ 0.00
PUSF/SFA 0.05 £ 0.00

Items Content
Vit A (ug RE/100 g) N.D.
Vit C (mg/100 g) 14.92 +£0.52
Vit D (ug/100 g) N.D.
Vit E (mg a-TE/100 g) 6.06+0.11
Vit K (ug/100 g) N.D.
Vit B, (mg/100 g) 1.55+0.01
Vit B, (mg/100 g) 2.93+£0.02
Vit B¢ (mg/100 g) N.D.
Vit B> (1g/100 g) N.D.
Niacin (Vit B3) (mg NE/100 g) N.D.
Pantothenic acid (mg/100 g) N.D.
Biotin (ug/100 g) N.D.
Folic acid (ug/100 g) N.D.

"Essential fatty acid. Values represent means + SD (n = 3).
USFA, unsaturated fatty acid; SFA, saturated fatty acid; MUSF,
monounsaturated fatty acid; PUSF, polyunsaturated fatty acid.

= EEZ XA 5 palmitoleic acid@} oleic acid = A
rids 7H’:i B S 2 AW FE2HE o] A7) e
ot} Oleic acid A upako 2 &
oAb o] ofstof 1 gk
2003; Jung et al., 2007).
acid= H|T7RA B3k} 9)
ARo 2 AU Y AEHE 2E 52
o717k kL Qe Ak 2 iﬂl/\ﬂli Zﬂﬂ 2k7]
5 /A S v ER M N B E 7 HE = s e s
Tt B3 S dRE gol o8 A
palmitic acid?} oleic acid7} Z+7}+ 35.49, 35.91 g/100 g total
fatty acids -§-3}31 Q1o HE AR E o] &8 = U2 A
o2 7|tf=c) lﬂ_u_ Aukz o 2 L3R HFAM oleic acid &F
ol w25 Ao w2 Atufofl tiet Aol 2 Zle
2 A 9k o]t A kR Al of k2 £ F B4
sho] AR O] GrrEo] o] Rojx|=d, ~HHH 7] &

= Fule WA
Fo] 2715t = B 171 9t Chu et al.,
183 DEEZ A HRALS 2 linoleic
©™, linolenic acid= n—31ﬂ°j A Hy
H‘gﬂi

i) 1

o
=1l

N.D., not detected. Values represent means = SD (n = 3)
Vit, vitamin; RE, retinol equivalent; TE, tocopherol equivalent;
NE, niacin equivalent.

o A0 R AR AR B2 T 5 G R0 Bt
.
HIEFI

FAA% SENEY] LU o R 135S 2

Atk 1 %ﬂ(Table 7), & 459 HEIF7H AEE U=
o, vitamin C7} 14.092 + 0.52, vitamin B, (thiamin)©] 1.55 +
0.01, 18] 31 vitamin B, (riboflavin) 7} 2.93 + 0.02 mg/100 g©|
?131, vitamin E (tocopherol)+= 6.06 + 0.11 mg a-TE/100 g2]
=g 71—71— -sLO 5]01 o] g S ﬁo]o]_oﬂr/]_ #o] vitamin C _4
79 Choi et al. (2009)2] A3 Aato| M= A1 % T4
gl7]ol A HEE A ko, Kim et al. (20182) 2] Aol A=
Az gk 2] 7] ARol4 022 mg/100 go] 7%

k= B 317} 91 a1, folic acid@] 73-9- Choi et al. (2009)2] X
19} g  Q170) A 2R EE A2 gol 2 urA)
ATAL LA AR AR, oI L ke
Aol 2 AHE P50 e 16~2020% Suvie)|
X1 AT AT, S50 4315 1%4 B3o]
uje} ) o) GapyRel Rolrt 91 Ao Ame,
3 A A ol ofat 2jo] 9 A REAN o] ukE 3ol Sol
Aolom AFS Ao 22H
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B8 Qo)A 48k F4 5 of ] thakap gl A
2 JUYVIFS 54D FE2 M stelok
AR R polols, BB B AE U e 474

S
L AoR HAEql 31E](Cheong etal., 2007; Yoo et al., 2008).
7] F2AE 2o 7742 Table 8] AJA|RE )
@} Zro| Kz} P9J staFo| 1,349.13 + 34.57, 1,323.55 + 43.85
mg/100 g& 2 7} =9k o1, Cal} Fed] 325543 + 1.51,
5.49 = 0.19 mg/100 go] FHGF A0 2 2A}E|o], AT
S2x]0] 9= ZPA A g, Sl Hlo| 2] W A=Eeo] &
3 54158 48354 MRS ) Kafpol ol S0
7101 A °JC31 =% 2t el
O}, Caol g Xd dho| A9 %*4‘—%‘%01%%34 w
Ith(Baek et al., 2017). &3] K3} P 7}z &S a1
(Ophir et al., 1983) &2 3} x]o}x2]1-2 & AJ(Seol et al., 1990)
SRz AlElR 71%50] elA glo] 428 HE7)7} ool Ego]
g Aoz Amgh
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Table 8. Mineral content of freeze-dried powder prepared from
Apis mellifera drone pupae

Items Content (mg/100 g)
Ca 5543 +1.51
K 1,349.13 + 34.57
Mg 85.50 +2.96
Fe 5.49+0.19
Na 50.12 £0.89
Zn 6.37+0.27
P 1,323.55 +43.85
Se 0.50+0.12
S 548.83 £2.58
Cu 1.45+0.26
Mn N.D.

N.D., not detected. Values represent means + SD (n = 3)

Ho7| =& 2

7] A% ‘?j}—% ZFHDW)2} 50, 70 9 100%
EtOHE 8 = st fraEdS 333t 4249 §HiE o]
B FEE2 AN T w5 Peidlon, AE 559
FEE 58S ZASEH AT (Table 9), DW 2 5253t 2 2] Lo *1
45.81+7.96%2 713 =9k oo, EtOH 9] $Fefo] g2 1k
&S UeRlSle o] Az e i)y %7é74i%‘§
FEE Tole 2 IR Hoh 24 slekEe] el o
=0 Aoz AAMEQl oW, = EAAF o]—u]}.—_/\]— 594 21224

ol FE=] Il = RS Ao F5Erk

oo

DPPH Radical scavenging Activity (%)

B Ujof| A Ak Z(reactive oxygen species, ROS)
radlcal+4 &2 ABkE7 EA T AR A E4 ) o] 7
A 2qtago] A/ E ol 4leha AEH A7 S HA
2+ A o] i 9 s} 7153} Hofirkar G A Qlrh
AbelE AEH 20 91918 ROSQ| %29 2]3] dojital ROS
O] AFHY tjAbiE <l free radicalo] AA|A Lo} BE-5}o]
AR, @A) DNASSY 2 94 55 =3t
(Fang et al., 2002; Valko et al., 2007). & ¢ILoj| A =HHH] 7]
9] & -gufjo]| wh2 4=HH Y| 7| FE-E2 free radical-scavenging
e Aol ojgt DPPHE| 8H2lS B7tsko] ] mstslc.
DPPH radical-scavenging ZA41-2 Table 101} ZHo] & A| &9
A 559 =7} =715 DPPH radical-scavenging
Ao| =71kt 18] U3t o)A DPPH radical-
scavenging ZA-> DW 2} 50% EtOH =250 -G-ASFALH50
~200 ug/mL) DW S&E0] 718 022519 0 1400, 500
g/mL), 3% 89| EtOH H|-&-°0| %7185 DPPH radical-
scavenging &0 7H4she= ATRS YERRIT o] Anfz
B 2 A719] A2l Qo] FHAsk5 o] Zlolel 72 BgHEe
WIZ A Skt F47) shakeqlo] AAFEIRLO0, 2 A
27 2% 2ERYS DR U, AR Bl B Gl
3 olliatel 75 Ao] B8 Ao R 22,

Table 9. Yield with different solvents used to extract Apis mellifera drone pupae (%)

DW" 50 % EtOH

70 % EtOH 100 % EtOH

Drone pupae extract 45.81 £7.96"

2832+4.11°

26.07 £ 0.32° 21.15 +0.49°

"DW, distilled water. Values represent means + SD (n = 3)

Values with different letters are significantly different at p < 0.05 by the Duncan's multiple range test.
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Table 10. DPPH’ radical-scavenging activity (%) of Apis mellifera drone pupa extracts prepared using different solvents

Concentration (pug/mL)
Solvent
15 30 50 100 200
Water 15.69 +1.97° 28.65 + 2.00° 56.48 £3.20° 75.62 £2.87* 76.47 +5.40°
50% EtOH 13.64 1.31° 32.54 +2.98" 57.03 £ 5.47 63.91+0.62° 62.92+1.81°
70% EtOH 576+ 1.16° 11.71 £ 0.66° 22.90 + 1.65° 40.95 + 0.85° 45.53 £2.20°
100% EtOH 275+ 1.42° 335+ 1.34¢ 5.76 £ 1.05° 938 +1.37 11.38 £0.75¢
0.5 1 1.5 3 6
Ascorbic acid 8.06 £1.01 15.67 £0.50 34.81 +4.49 68.06 +4.45 80.25+0.21
"DPPH, 1,1-diphenyl-2-picrylhydrazyl. Values are expressed as the means + SD (n = 3)
Values with different letters are significantly different at p < 0.05 by the Duncan's multiple range test.
Table 11. ABTS* radical-scavenging activity (%) of Apis mellifera drone pupa extracts prepared usinge different solvents
Concentration (ug/mL)
Solvent
15 30 50 100 200
Water 10.05 +0.20° 18.35+0.22° 29.42 +0.24° 57.09 £ 0.32° 94.23 +0.12°
50% EtOH 23.99 +1.29° 41.16 + 1.36° 64.05 +1.47° 84.48 £5.51° 94.33 £0.02°
70% EtOH 22.90 +1.22° 39.55+1.07° 61.74£0.87° 82.48 +6.18° 93.96 + 0.06"
100% EtOH 1.54 £1.10° 3.30 + 1.20° 5.65+1.34¢ 11.53 +1.70° 23.28 +2.44°
0.5 1 1.5 3 6
Ascorbic acid 13.12+0.90 19.97 £ 0.83 26.81+0.76 47.34 +£0.55 88.41£0.15

Values are expressed as the means = SD (n = 3)

Values with different letters are significantly different at p < 0.05 by the Duncan's multiple range test.

ABTS' Radical scavenging Activity (%)

Y| 7] 32259 ABTS' radical-scavenging 4] E3t
DPPH radical-scavenging 41} 5 U351 L= A|RofA 4=
HHlH)7] 3559 7t w25 240 S7hke B3
UeEhlon, 32350 5 sEoA & Srfjo T2 A&
9] ABTS' radical-scavenging -2 50% EtOH & A&7}
7V 02251971, TRS- 0.2 70% EtOH 322 A| 27} 481
O scavenging G35 YER oW, DW F=E3} 100%
EtOH &5 2 & scavenging G117} Wolx| = &S LEL
Wit Table 11). o]2f3t ZFoli= DPPHO] 79~ Al=of o3t
proton radical (H-)2] 3052 H7}5k= vk, ABTSO] A%
A 20l &JRt A got5-& Btk SRR E 7| 1E
a1 e o]ef - DPPHOL ABTSE )83 =i | 7]
FEE0| A S AAES W), 1A eR &5 of&
51o] 22T 7, 50% MeOH & 0] 85101 22} 228 gk
W G2/ SHof Qlof Ho aaAQl 0| 7hsE Al
&2 yhehEch

oA} At} o], M7= 2 thill A e 9%t
obu]iAl, AHPAL 50 XA 02 AZFAS v Ra 215 A EY
FEN U} F a5 o] 8E 4= S A 0 & wrh| v, Akt
[ 52 0] 83t AZFHRAIZE O 2| VX & 7FA| 1 QS A
o= 7|k T HA S 7S e gAkehs W,

A 715 qHgstolor & B art glow A, A7, AL
Fte] W 4= 7] 2] |of| whet ol Zpol7t ke A
O 7 AbRE|7] wfitol| o]of thgh F=7FA Q1 A7t ey ofok
Ao g Helr)

XiX &4 g, oigt

AL As e ZEEAATA BAATAL FA44
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