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Effect of puffing treatment on the quality characteristics of
bee pollen and its addition to wheat flour-puff yeot-gangjeong

Jiyea Lee' and Jeonghee Surh'*

'Department of Food and Nutrition, Kangwon National University

Abstract To test bee pollen as an ingredient for heat-processed foods, bee pollen was puffed under heat at various
pressures and examined for its physicochemical properties and antioxidant activities. As the puffing intensity increased, the
browning index, total reducing capacity, and DPPH radical scavenging activity of the bee pollen increased significantly
(p<0.001). This was attributed to the formation of Maillard reaction products during the puffing process. The wheat flour-
puff yeot-gangjeong added with puffed bee pollen showed significantly (p<0.01) higher antioxidant activities than its
counterpart with raw bee pollen. In addition, the gangjeong retained the physicochemical characteristics of the puffed bee
pollen such as color, soluble solids, titratable acidity, and pH. The results showed that the puffed bee pollen could
potentially be used as an ingredient in thermally processed foods and retain its superior antioxidant properties.
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s} (bee pollenyoldt FIAIE §ixte] E/IFIH B Elelz
o] ofg) B Ao B el FIE AHT &
HhEle W3] ] AXE AE7e o3| ol E]El‘?i/ﬂ x
el Homﬁ‘r(Thama} Nanda, 2020). ﬁ%ﬂ% ek BHE (~54%),
r/}uﬂ;d(NZI%) z]bﬂ—(Ns%) Alo]/\-lo(Ng%)
3,3 50 g B FRE 2T 57185 um
]"*(Recommended Daily Intake, RDI)% == 5

2

E7} =2 98 1Y QckThakuret Nanda, 2020 TSk 3
B JtRE o, SEtHolE, Y EE 5 £ 2 A%
Folgo] e Pkt B2HS *ma‘: THrkaL Jlo] qEF,
[e)

ok, g, FeUs 2 udEd a9E Uehle Zes ¢
#4 Jthde Florio Almeida %, 2017; Thakur®t Nanda, 2020).
S & HEgwe H, AE T 932 worng XF 3
o we} FFEIZT}F 690-213,200 pg/gl = m¢ We Holyl 3}
UH(Thakur®} Nanda, 2020), 2 7] wh=d sk spe 7+
APFEEO 2 7,060-8,593 pg/e] FEAES FHalal Slo] kst
AR 154S BAFAUHLees}t Surh, 2021). ©]& ZA=E 3}
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W ofle} AFol| AR GAYE FAY
%‘EE %J‘ﬁq] A-g3starat gk AFrE Y= et
2A1A|(de Florio Almeida 5, 2017)2} B3 (Anjos
=, 2019)°ﬂ SHE-S H7hste] Akslergd S /e A, shEs
71 258 =] W (Conte 5, 2018)7 H]2Fl(Krystyjan 5,
2015) AFNL A Fol tEA AHIE, tiFite] A7 94
g 38 AX Ax % YT A& o]FoHiT)

qE) GAY TS TN Abole] HeISE FAs,
o] % B3} WA Alole] VU= LUNLE WHgLw) A

7ol mlgESt AES AHATAL 52
Ad WA= Z2AuEks
Products, MRPsy& A3/d $FCH(Vhangani®} Wyk, 2013). ©]=
243]7]- %g_o,] 6]—/\]-:34_ il—/\-l 0 ‘61:1\}/\]2:_1 Z(ja’co] E] z; })\
oEth ool & AfeAs shEe] ksl G4 T
A 7hgAlEe] d5E Egalr] Y8 sl X 3%
&3t =, 71‘3, 7, 757 5 ok %!Xd%} A S AR
she 7MY S 2 ATe 229 30A AFe 23S vt
3 & Tk A4S siAlste AES %%711 o}t % 5l-57g
(Yi 5, 2016)2 AG3Idct ol W (puffing) Al 7HBIA= 2L
7= 7FEAE I WY 21F WHe] 3]s
71~L:€}A171 T UoH, 5 S AMEERA] ot %Zd%} UH
%_‘OM | 27] wjZolch Tk &
AFere GAEEA & AsHES FEAE 2E Frist
o] Atglorg S MAE A3 AT (Lee2t Surh, 2021)2 s},
U A Az Ao WA s FUketal Al g

T g7 aADd
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Mgxjz % Al

Ao ARE-gk AsHE-2 A5 E (Yeongju, Korea)oll X AJ4HE
A 100% SHAE Eshioln RsiAeld i A et
HAAEYH J5HF5ZH(Samcheok, Korea)> ZH-E] 20213 1020l
FTEEUTE FEA MEH, W3sHEE FE5S HANE W3t
7ol AshEs ¥ 2He ¥ MR uE 4FHERS, 3, 5, 6, 8
kgflem®) 3tollX T3 AI7HERt & 7hate] A|lZEATHFIg. 1).
AR g dstA S sHE2 94| 7](SHMF-3500SS, Hanil elec-
tric, Seoul, Korea)s ©]-8-3te] 13 &< Euslste] Ao A&
SHAth WU AxE 98 fEAE AFQ] 8T (Ecofood,
Daejeon, Korea)?} %% (Daesang, Seoul, Korea) 2283 E%3} A
BH(CJ Cheiljedang, Seoul, Korea)e 2}<l Ao+ttt
EAo] Q3 Al2Felsodium hydroxide, ethanol, hexane, butanol,
chloroform, methanol Daejung Chemical & Metals Co., Ltd.
(Siheung, Korea)2] A|#F-S A8-3}992™ oxalic acid, gallic acid,
Folin-Ciocalteu’s phenol reagent, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), barium chloride dihydrate, FeSO,-7H,0, ammonium
thiocyanate, p-anisidine, acetic acid= Sigma-Aldrich Co. (St. Louis,
MO, USA)IA Full 3} th. Sodium carbonate, hydrogen chloride
+ Showa Chemical Industry Co. (Tokyo, Japan)oll4] ¢35}
™ cumene hydroperoxides (80%)+= Thermo Fisher Scientific
(Chicago, IL, USAPIA F43lth 2 Ao Azole 292
ol 25 AR

sk2o| shEty E4

o] SRS 105°Ce] 7AZ7](OF-12, Jeio Tech, Gimpo,
Korea)oll A d7tdAzHozZ =3I THAOAC, 1990). 71
A IFE pH, BB (fitratable acidity)S £41317] 98] TR
o HPo g FEES FHISUTE EEEH st 10 S/RT
9mLE WolF F w3t 3,091xgollAl 208 53 A4lEe
(5810R, Eppendorf, Hamburg, Germany)3t & &N o3}
(Qualitative filter paper No. 2, Whatman, Maidstone, England)3}
of skt = FE=E ARsilth 784 EES 2EAN-1a,
Atago, Tokyo, Japan)E AM&-3te] 57831 om °Bx ©9|= e
ot 8 F&E2] pHE pH meter (725P, Istek, Seoul, Korea)
2 SR8 ANEE & FEE9 pHYt 840 =2 w7t
Z] 0.1N NaOHE °©]83l] F34E 3l Ao= acetic acid
(60.00 g/molar equivalent) 322 YER|ATE
sk2o| 22y 54

AslA g7t shte] Al B0l miX= 43S A HE F
Al vt 03 cm FAR SHE #9S w5 Ex

(Lightness, L), %24 %(Redness, a), 3% (Yellowness, b)Z

Raw

Sk Egk sHEe] Al BAS B3 Her ZAsh] ¢
3l 3HE B FEEQ FHEE 4209 520 nmollA zHz 27539
THEON microplate spectrophotometer, Biotek Instruments, Win-
ooski, VT, USA). oln AR-3F FZ58-2 she] 3}5h4 w7lolA]
AHEE A SYE Ao ® FHlskith. WA S (browning
index)= 420 nmoA12] = e ARSI e, A 73 (color
intensity)= 4202} 520 nme] SF=ZE Tt A TH Yeom
3} Surh, 2018). 3] 9|2 iPhone 11 (Apple, Cupertino,
CA, USAYE ol&3l] &gaict

B AFH LS AE 3¢5 falcon tubeol] ©Z W(6°C)SF 2
69°C)2 Z+z+ 30mL® H7lske] 0, 15, 308 & 71d3og w
Wit o) 3 9422 7]|(5810R, Eppendor)E ©18-3] 3,091xg
oA 208 B AR ES ATAE AAS L FHES] T

A
g Zgsidith & AdEe AR FASHE(%)E YERISIT

skEo| &htst 2

FZ809] FA4A] S (polarity index, Pyl W hitsl &4
71§38l AlE 1ol S/ (P1=9.0), NE2(P1=5.1), F2HPI=0)
< Zbzt omlA Hrbskal 2 H 25°C, 180 pme] 4%
(BS-21, Jeio Techyell X 16A17F 5<F FE3kict. 2 % 3,091xg
oA 208 FoF Y41E2](5810R, Eppendorf)dte] &g o3}
(Quailtative Filter paper No. 2, Whatman)g+ ¥ #24¢] AME-3}TE

A, BB HoR AeEEdY EARTE I8 ¢
8, AlzEsde] 5 A 285molx] FEEC] FFE(EON
microplate spectrophotometer, Biotek Instruments)E 37 3} % T}
(Yeom=} Surh, 2019). & 3982 Folin-Ciocalteu’s reagent
(Singleton 5, 1999)°l we} z F=%E 1 mLell 10% Folin-Ciocal-
tews reagent 1 mLE H7lste] wwksk & 58 FoF HHSAIATH
o]F 10% Na,CO, 1 mLE ¥ 1A17}F 59t o]F9 FLojlA AX]
STk #HE WH-E2] $4=(EON microplate spectrophotometer,
Biotek Instrument)ES 700 nmollA A3ttt & Py Ak
T (gallic acid equivalents)© 2 AHE3}H T

DPPH 2}]Zt 27184 (Brand-Williams &, 19952 F5% 0.1
mLe] 0.15mM¢] DPPH (in 70% ethanol) A]F 1 mLS H7}s}k
37, 200 LA 96 well plate Aol E5381e] 525 nmol|lA| 5% 7+
02 SAIZF §9 FFE=(Biotek Instruments)ES A FA T TF
Eo] fo4 Wt #EER ke AlHAA 7 A= DPPH
Bz 2AZAHE AR Blankes FEE 4l 539 F

8|S, B HERES 02mM gallic acidS A3t DPPH
g 2AEAL blank Y] WHSEO] od) HAad SEEE

%= Alrtsto] AESkT

BhE ®7F LB ™ M=

SHE WshAe] A estd gl olsl A g Frjol mE RAH
VI whAIs] flal, el drkd sHE2 2.5 keflem®2]
Aol A F shEe ARSIk S H7FEFS LeeSt

2.5 3 5 6 8

Fig. 1. Appearance of the bee pollen puffed at different pressure (kgf/cm?).
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Surh(2021)9] A-FAol| we} 5%= AA AT ol YA+
odlA 5% 7k HeH Z1swrt 7P w9dE s, 59
S%E 24 Afole H7b o] sk st AAFel w
2k el el Bt AR A7t Wrrael] 9 F97] |
oIt WY Az vk Zth(Leest Surh, 2021).
o] A% 20g5 HFE ¥ G0 £H(60 S TAHZ ¥
T ofgh ZollM AA| B 7Ee] A W7 BT =

}“E 4

AAE e 1w @

pil

N3 ARAE HEE 9T AT 748 olgd whAY
23 Holz A WYL ¥ =
=}

ol o Boln A 4lofFain).
]

gl

SHi flo] Az P8-S tHE(Contro) o2 3HL, A3
ToRE HSH A G2 RS WU 73 Raw), 3
gt HES 7K A (Puffed), 22]3L WA g RS TE
A3} HH) a7 floll AH =3k Az 73 (Puffed-
Coated) & T4 5153 = T
(SHMF-3500SS, Hanil electricyS ©]-8-3td 1% &<t +23)st &
AE2 ARSI

b Lodzdo| olskstd S

YA ] R 105°C F7ErxzHom B8t

M8 AFE, pH 283 AALMEE AU B FEEE F

Astgon, FE2243 HE oA 71ed sHE B4 s
542 A2}A|(CR400, Konica Minolta Sens-

= AT E =3

She A7} WoiZMol A BN U Aoy

LeeSh Suh(202)8] Aol SHE e FE 8o &, 92
F2gn e B0 B9 A4S s, W9gRe) @
A B Bl R4 olReS AMSS
ZHF4e FYsh wske

e
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AR H7HE st FEES v 2ol FHIEITE

AalE U7 30 FR2XEWELQ2:1; vv) 20mLE 3
2 S0l 2238k 3,091xgolA 208 FoH AHE

(5810R, Eppendorf)3}3, o] 3KQuailtative Filter paper No. 2,
Whatman)3t A5dS 282 B0 ALl Adiks} 3t
Aol w2}t 12} AslE Ax2e FitskE, 23 ke AREE
p-anisidine values &3ttt FitslEL ferrous ©]-2(Fe™)©l
skl Q& ferric ©]-2(Fe')o2 4Fs}E % ammonium thio-
cyanate®}e] WH-O 2 WHASH= AE]9] ferric thiocyanate™ (Chap-
manZ} Mackay, 194902 A&ttt WA FeCLAZE ¢80
FeSO,-H,0 (2.5g25mL in water)E WHFSIHA] barium chloride
(2g25mL in water) ¢ 10N HCl 1mLE MR YolE H
3] FEste] JAAA FE N (FeCl)S o2 (Quailtative Filter
paper No. 2, Whatman)dte] AR8-3FATE FZ2(500 pL)oll meth-
anol:butanol (2:1, v:v)& 9] 3mLZ -83}3. ammonium thio-
cyanate (7.5g25mL in water) 15uLe} &S] FeCl, (15uL)E
TR o2 bk § 208 B A28 of T Helx AA|st
At o]F 510nmellA HF WHEES FF=(EON microplate
spectrophotometer, Biotek Instruments)S =743ttt #2kskE g+
e HFEAZ AFE3E cumene hydroperoxide THOZ A&}

N
o
i
r.l

off

At e B2 YA EHE o)xMEE2] X %2 p-anisidine
value®] HATHH-S thE-3} o (Tompkins®} Perkins, 1999). 4]
p-anisidine (0.25 g/100 mL in acetic acid) £ 23°C L2 ofA]
AzsF T FEFE(G mL)A] 1 mL acetic acid (A0)2} p-anisidine
(Al 22 ol § 23°CollA 102 &9t &g AlFTh 350
nmol|A #E Wk3-E9] S (EON microplate spectrophotometer,
Biotek Instruments)E =3It FAIH(A2)S 28] FE8vl]
FZEIXEWEEQ:1, vv) SmLe} p-anisidine 1 mLE 9o} &
At 2A0E WMEAA FHEE 7935 p-Anisidine value
£ 53 ug} 243 TFES [12(A1-A2)-A0]S] 2l tiY
ste] Ar=atqrt.

SHXE|

BE AL 33 whEsdlon Axe Hvd ZEAUAE U
ERNQITE IBM SPSS Statistics (ver. 24.0, IBM Corp., Armonk,
NY, USA)Z LYE2HE4 (one-way ANOVA)S o]&8) Fo5=
< 0.05% 43l Duncan o2 AMFAA S AAste] A|E7F
o] folF AolE gRlslsitt.

nE

Za g
HWatx2|st sh2o| o|stety 54

sl et s 35t EALS Table 13 2l FEIHS
Aol A9 17.6%52H A2l gHof HlEste] 2.9%7HA
RO H 2R (p<0.001) F23ted, 718 F 70-80% FE7t A3
th ol HHz] T 7I7] WE2Trt B vAE oo g
gl SR e SANZL, gHoR A s e FE
o] 9RE w7k WEEH] w2 S|M3ITh(Yi 5, 2016).
M AREE VHEE He Al whldEste] SR 6.0°Bx
ol 8 kegflem® M) 4.1°Bx7HA] 913 0.2 (p<0.001) 745K
t} ol HaAE A 7kl 93 gHoR R A4 I
ShE & AR EAeso] EddlA sfehikgo] FXIEHSI
7] w&elt), o2 <lal A FTHAIL FTriste] 7R
AoF ez 7Hast 2102 Mgt AAE st e &
Pl Astwrt 7Kgl wheh shEolA Zwnkgo] g3
Z2R" A& A 5= QrhFig. 1). AxHAIR AT 71AH A

A AFNME HEL), FNED), dNE@7 FoHes
(<0.001) ZFastar, Hgstd oz 43 st =FEE9 2
WA (browning index)2} 2} 7+=(color intensity) 4] Fo]H S
E(p<0.001) F7F8kAHFig. 2). o] AHES AR it
Fola] ZHw-ge] HXEUSS FIs|ET. Thakuret Nanda
(2020)0)] WEH shEol= Wdets ARinkge 7|do] He &
(50%)= THAC20%)e] FF FHrEe] vtk A
o] A% A Fwrt SUMETE AR 1,8089014 1,366
mg%7HA] 7ttt o] thA] Frkete] 2,347 mg% e B
ATH(p<0.001). ©]ell wa} pH FH A=, AsHE 3.79904 33}
YR 494714 ZF71slth thA] 4298 ZHAEH (p<0.001), A
Aoz AT} o] B r=-0465S YEMAT T
T o3t FRAE AFE T fU1AkS RSt Ao,
pH 3.49-633 A=l 2H-2kbds Yeplle 2oz d3A 3l
Ch(Thakur®} Nanda, 2020). Jslx2] Al G} =9l S7= 3t
& {71 4RTt 3dEe] HRAETL asitl, o]
JAREE Alole] 7k&EtE Zwukoz Aol mdss wkg
A& (Maillard Reaction Products, MRP)o] &2 gof| ulg} 2w =
7F 9 pH ZHAa@Ade] Yehd o= s2319dth A4 = MRPL
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e
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Table 1. Chemical properties and water-holding capacity of the bee pollen puffed at different pressure”

Pressure (kgf/cm?)

Property Significance?
Raw 25 3 5 6 8

Moisture (%) 17.6+0.4* 5.0£0.4% 5.7+0.5" 4.3+0.6% 3.8+0.4¢ 2.9+0.3° ok
Soluble solids (°Brix) 6.0+0.2° 5.0+0.0° 4.8+0.1° 4.70.0° 4340.1° 4.120.0° ok
Titratable acidity 1,808424°  1,562+22¢ 1,366+85¢ 1,629+31¢ 2,042+41° 2,347432° oo
(mg% as acetic acid)
pH 3.79+0.08°  4.940.02°  4.65:021°  4.55£0.03°  4.43+0.02%  4.29+0.02° Hohok
Water-holding capacity (%)

Cold water (6°C) 444429 100.9+6.6" 974+59°  111.548.6° 1107473  110.4+7.0° ok

Hot water (69°C) 51.945.6° 115.146.9%  107.545.1°  113.4+51%  120.6+59°  120.0+4.8° ok

Significance” NS NS NS NS NS NS

YData was expressed as the meantstandard deviation of triplicate.
f)*** means that the values within the same row are significantly different at p<0.001.
NS means ‘not significant’. Water-holding capacity was not significantly different between cold water and hot water.

50 40 1.2
A
: A) CLightness (L) OBrowning index (A420) ®) 4
Yellowness(b) OColor intensity (A420+A520) +
40 = B a
] -@-Redness (a) 1 30 E 09
a % a
E +
30 = b
; 0
2 9
. E 06
= 20 é
2 C
20
d .E c
c z
L3 B e £ S
C d|p f 410 Ro0s
10 f e |E F
f D
: Ij
Raw 2.5 3 5 6 8 Raw 25 3 5 6 8
Pressure (kgf/cm?) Pressure (kgf/cm?)

Fig. 2. Lightness, redness, and yellowness of the bee pollen puffed at different pressure (A). Browning index and color intensity of the
water extracts from the processed bee pollen (B). A,,, and A.,, mean the absorbance at 420 and 520 nm, respectively. Different letters on the
same type of graph indicate a significant difference at p<0.001.

pHE WHE2=9} Al7ke] Fristel] whe) F5lo] 7hAshes Zo= Wstx2|gt sh2e| kst &
ByEon Wdzle 2nkeoz AAE FAL H$ pH Wl st shte & J@]' 4L Fig. 33 Z%E}. HEyd 22
7t 2840 FEoE LA AtH(Vhangani®t Wyk, 2013; Kim &, o] 285nmollA] AR dS Al Fshe 549 wef, 54
2017). nje] S9A]F7t OE 3% 34'*“%%%4 E’?%’E(AZ%)— Fdt
Bk st sHe] & A¢HS Table 13 2l 3RS Y5 Z704 A3t v EATHFig. 3A). BT rE S7HE
of EANAS 79 AR & AFELE 444%3 20} HEA EFZE] ZATE 59702 (p<0.001) Z7FEI0 L, THE=
g sHES 974-111.5%= F94 22 (p<0.001) FUTE. 2ol FEL ofEE FEE 0.597-1.748, & FEE 0.155-1.233, Ak
EARAL woll e AHE 51.9%, W3k 3HE 107.5-120.6%2 FZEE 0.005-0.0192 S4LM=E Hojzl FEFolA ‘“Eio] =
2 Qe Y8 43S JeRI ™ (p<0.001), EAbe] 2% Qtth. o= sHtdl I EAlSHE & (kaempferol), AZAME
o WE folH o l HAEA] skt ole g WsiAE (quercetiny & Ze}Ro]=9} Zikeallic acid), 3 EAk(ferulic
e T 223 gHo g Qs MEE AR Haj 2 Axur A acid), p-F-PF4t(p-coumaric acid) 5 Aol 9gt Aoz H2I
ol WAooz 45 ARy} Loldx Aoz AlgHc) A Yi CHThakure} Nanda, 2020). #&=4 2 v]HsA SLEFAS F4)
520169 AFAME Aspxe] F 27 R A27t 3st Hog 2Asle £ IYNFE FUI 2432 JeERAJATKFig. 3B).
I o F2E olFo] FEY AFTEC| Eokxl Aol # é ZF YEE NG Fo R ek FEELS 3,915-34,326 ug/

, = TEwT 1422-18007 nglg, At FE=2 27-171 ng/geld

bk
)
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2 1.5 -@-Hexane - a 0.09 £ % —@-Hexane A aiA a
S . A P I
= ¢ T S 2 5000 2
E $ H x 9 Ky
= rh - H b 2
w 10 006 F 5 B 120 &
< (o) E 2 B a a &
E N _E E 20,000 g:;
£ d led g g g
2 2 £ 5
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Fig. 3. Presence of phenols (A), total reducing capacity (B) and DPPH radical scavenging activity (C) of the solvent (water, ethanol, and
hexane) extracts from the bee pollen puffed at different pressure. Different letters on the same type of graph indicate a significant difference

at p<0.001.
om, o] FolHFE {FAHOEP<0.001) TV AT
Bk 58] 73 kst ] 270|UH 2.5 kgflem® 4] #31A
g shte Ashta vws)] F Yol B FEEA 3u, ol
B2 FEE0A 5ol o) SUIsISITE ol HakAE Al R
2ol 93t FE=gIH 0}14‘7,]- 2 ‘ﬂ'E- QL‘E’J'**_E A =
o] APE A%4=E B F Uk "‘Xﬂ hangani®} Wyk(2013)
= F-oluxit E@’\]*‘%M]’ﬁ kS L+7P 3L WEEA Zbe] A
FE A= 33 olnf A" MRPY UL ALY
318 oA E9itiy REIith dEE Wdsts ZAwnkgoe
2 ANEE g 712 33129 2% (reductone)S dltho]

S(enedio)? 7717} QHE Fx= EHYI LS AW
Aoz 4 UthNooshkam &, 2019). L3} I} Z7lA
I ksl RS W2 Ao R Q8 BAEIE SR

2 A7dNE AsAE F shte] P8 BAo] Ao &
7Vt thFig. 3). Y Ao E 2o gEzAME 23
= lﬂﬁﬁ(plateau effect)7} LERSTE ol ghE
kgflem™@l|M & ko] B ol S7FHA] %

AL 2ABE RelHoR e

==

FE2EY AL 5
19} (Fig. 3B) DPPH
L*Pol #2 =] Y h(Fig.

30). ol o] ATjHoR ¥4 W HE F2Be) 2wUAS
o A st vimd QPR Ade B AL 4 ArkFie

2B). otulir]st 7hudy] Alolel shstureel Wideks kg

2 AR A3 2 Z McClements2} Decker, 2007) “3th&
o2 =2 oA sk E sHte] pH/F Yokl dAs

H 3 (Table 1), 3lF HE|2HNM = 329 pH a2 2t
2o] F=w Aojxo] FAHES B{I MRP Aol =#F7I

7o &4 EkKnol 5, 2010).

S #It WoizZddo| o|stEtx E4

YAZFY Azol] AHed Bekxe] 3HES 2.5kgflem?e] 4ol
Al skE shEo g olglety A W ilsl E4o] AR
F5lo] TEFAC Akt 2 AsishE-S Ak W] o]
s}tz EALS Table 29} 7o) WAL FESFE 3 H
7hEo] F7E R o4 02 (p<0.05) =%k s A
THEE Aloldle o= thEA gkottt. ole AshEs} st
2] shte] st & ARE Aoldl g ez melrh
(Table 1). & st sixz] & o] 2oz 7has)
FAT A = AgES ol 1 2polE g Zo= A
stttk o= sHEo] ARKE TR FTHY Holdf=E
(Thakure} Nanda, 2020) YH7HH o] 8

L & M ES
Ms) SRt H7kzol AuHos

T T O

=9 o= Bt 7484

wE R A e T]et s H7E(Puffed)S AsHE A7k
(Raw)H.t} F9]2 0 2(p<0.01) Hokom, ol= AT & sh

_6‘: 7}._Q_/K-] —r‘ ‘:‘ ] 7]—}\§}\E‘] ?‘S:]N-_Qj kh:tl%l— /‘\ O]\:]‘(Table 1)
£t Helxig] shE A7 (Puffedye s z47}-?(Raw)£E} k|
A FoH 02 (p<0.001) $IL276 vs. 414 mg%) pHE= 72
0 2 (p<0.001) EoHpH 5.61 vs. 5.35) H3}apE} AL &

l_,ﬁ
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Table 2. Physicochemical properties of the flour puff yeot-gangjeong depending on the processing of bee pollen”
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Without bee pollen With bee pollen
Property Significance”
Control Raw Puffed Puffed-Coated”
Moisture (%) 7.3+0.1° 8.2+0.3" 8.3+0.1° 8.0+0.6" *
Soluble solids (°Bx) 4.02+0.09° 3.95+0.23% 3.42+0.10° 3.82+0.12% *ok
Titratable acidity (mg% as acetic acid) 439+£39° 414+30° 276£11° 234+7° kkk
pH 5.70+0.05* 5.35+0.10° 5.61+0.01% 5.53+0.01° ok
Color
Lightness (L) 28.72+0.14° 23.40+0.18" 21.35+0.02° 21.44+0.01¢ ok
Redness (a) 26.47+0.13° 21.34+0.18° 19.44+0.02° 19.59+0.02° ok
Yellowness (b) 16.20+0.07° 12.13+0.11¢ 12.78+0.02° 13.07+0.01° ok
"Data was expressed as the meantstandard deviation of triplicate.
DYeot-gangjeong coated with puffed bee pollen on the surface, instead of mixing the bee pollen with syrup.
D% #% and *** mean that the values within the same row are significantly different at p<0.05, p<0.01, and p<0.001, respectively.
Table 3. Antioxidant activity of the flour puff yeot-gangjeong depending on the processing of bee pollen”
Without bee pollen With bee pollen
Antioxidant activity Significance”
Control Raw Puffed Puffed-Coated”
Presence of phenols (Ag)" 0.629+0.122° 0.695+0.122° 0.821+0.041% 0.921+0.142° NS
Total reducing capacity 7280410330 7653+111.9°  1033.741304°  11427+114.1° *r
(ug/g as gallic acid equivalent)
DPPH radical scavenging activity (%) 32.9+1.7° 35.743.1° 42.6£2.5° 48.8£3.0° ok

"Data was expressed as the meantstandard deviation of triplicate.

f’Yeot—gangjeong coated with puffed bee pollen on the surface, instead of mixing the bee pollen with syrup.
%% and *** mean that the values within the same row are significantly different at p<0.01, and p<0.001. NS means ‘not significant’.

YA, means the absorbance at 285 nm.

AAolE avE wrdsidnh. WoFe] A 54 SA|(Table 2)
A5z o] Askiu W, AAE AT} folHos

ok EAL(Table 1) ZHE WFI S

fiell #AIgle] skt A7 5 2
= 5 f9922(p<0.001) RolHtH(Table 2). ¢, A| &3S
It A7 FHe AsishES Ay Y 1412@ b
737 (Puffed-Coated)> ThH-E2] ©]3}3hs] EAJollA sYslAz] 3}
® H7RE(Puffed) FAFSFATE

o, kel A3k

o B, A%, PAE

Sk2 FJI YolZNo| ahtst & A LSO
&, bk vl ofekE A

e 1YY shEe 54S sted(Fig. 3) sHE A7t "
Aol itst G Hrkde dus FEES ARG 2 4
FH(Table 3), #l=Ad 229 g vl&sl= 285 nmol| A9 3
J—(Aggs)" HBslAglet sHES H71s FE(Puffed, Puffed-Coated)
o] #& AE JEMATHp=0.053). o1& zfole F Shd=
DPPH E‘rtlzi 2AGNNE FLHA *’}ZLE]%‘:]'(Tab]e 3. 5
Bslxle] S H7REPuffed)y A H7HE(Raw)S BaH,
F g AAgEo = 1033.73 7653 ug/g, DPPH Bt|Z A&
AL 4269 35.7%% Hskxe] HEH o] BE GojHo
Z(p<0.001)°02 =AYt o= AsAY F sHEolA WdgE &
HRS- 0 2 39 E MRPO| &4kst E4o] Wal7bge] A4
2 Rog Aoz Rtk A UAA Az Al WA shE
S FEA3 Ao ATt F(Puffed)t VIwal, B3pA g s

< 77 ZHol A3 ¥l F(Puffed-Coated) /}}EH@QE =
kst S48 JepIdnh E3 F37 tj2atdt v
st A7k=Raw) DR7FEe] ksl @4 o4 *fo =
71A= Zsloith shtel| FetReo|s, #HEAt Fo|

ZA)8F3(Thakur®} Nanda, 2020) %zﬂr—%_& ksl gAo) S
Hgol = sl (Fig 3) F7he] A7t deixle YRATA
olgfst o] HEE AL, & L Ak oA Egr
Lol= o] X R Ee 54L& I2dPH(loannou 5, 2012)
s ssiAe) el E FgAe] Auldem wre ghitst
dio] EABIESS AAKIET

YA Az T 5743 JIsE T2 (Table 4) SHE 37
T(24.7-25.7 png/g)el FRA7E HEE(31.0 pg/g)E Tt D}i ko %’:r
oj o} FAAOE folgt ol o) HitslEE F, d,
e 5 RIeE Qe Ao R RE ReE a‘rﬁ]i&(R )°l
A 2 C0)er AFste FAEE 1A ARER 484 A
TH(McClements®} Decker, 2007). YA 2] FA RS HPFTL
HAAEoz AAtsle] 7ol | 4 o, 7 AR Al A}
Q_E] 1:1—49_0140] ‘ﬁ.ﬂig E_F/l 0]_04 A}Ag},] =0 H]—x]—a}_‘: =13
oo ZgstozH, sHixgld os F71 AbshiA] g3
7} BElo] #AER] ke Aoz Hel) o2 <l IitstE &
A2 PAEE 23 AsEY] £F IA FHI WERZ(p-AV=3.7)
I 2 A7 (p-AV=32-43)°0) ME FoFoz =X 4ok
ZAo2 HATKTable 4).
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Table 4. Hydroperoxides content and p-anisidine value of the flour puff yeot-gangjeong depending on the processing of bee pollen”

Without bee pollen With bee pollen
Oxidation product Significance”
Control Raw Puffed Puffed-Coated”
Hydroperoxides (1g/g) 31.0£1.4 24.7£2.6 25.7£7.4 25.1£2.9 NS
p-Anisidine value 3.7+0.2 3.8+0.6 3.24+0.2 4.3+0.6 NS

YData was expressed as the meantstandard deviation of triplicate.

IYeot-gangjeong coated with puffed bee pollen on the surface, instead of mixing the bee pollen with syrup.

NS means ‘not significant’.
o (o] ]
A =

S I 7 952 E8s] 98 dES delsie]
sAE shtg AxslaL o|stets] BN ditst 84S

At BeF=rt Sokstel e st FEsEre] At &
HErE fold oz Zylelgin). ek 3R] ks o] A9
AR O 3% fuE de B JEs HX 255 nT
k123 DPPHEIIZ &2AZA 0] feoldom Srtsigon,
1 SAEFIZ A FEEA Eo] dA3] =9kt e
Aoz oFet sslxz] ZAQ2.5 kgflem)O g A|Z3 312
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rx oo
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ox M dlo oo

l

RS l
Wt ARHOE WIS AL WARDY) o=
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