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Abstract

This study was conducted prepare spray-dried powder using pumpkin sweet potato hydrolysates and examine the
physicochemical properties of the powder. The insoluble dietary fiber and soluble dietary fiber of the pumpkin
sweet potato treated by enzyme were 4.17% and 2.07%, respectively. The spray-dried pumpkin sweet potato
hydrolysates was manufactured via spray-drying with different forming agents: i.e., pectin 0.1%, 0.5%, 1%, and
2.0%. The moisture contents and total starches of the spray-dried powders were approximately 1.68-2.46 and
45.32-46.51%, respectively. The color of the L and a value decreased, and that of the b and AE value increased.
The particle size and outer topology of the spray-dried powders were 37.17-42.32 1um, and its shape was generally
globular. The water absorption index of the spray-dried powder (1.74-1.91) was lower than that of the freeze-dried
powder (2.15). The water solubility index of the spray-dried powder, 80.75-87.61%, was higher than that of the
freeze-dried powder (70.47%). The adhesion values of spray-dried powder to epithelial HT-29 cells were 2.66-6.18%
of the initial cell counts, whereas freeze-dried powder showed lower adhesive ability (1.79%). The in vitro human
digestibility in the spray-dried powder was 70.09% which is very effective in digestion.
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B3 Juho,10). EFAZE 98] AMEE e A%
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sl ALgEIITE AlRE 2 o A5
3 o|EAE AAT v B8] 05 em TR AESEA
o AEE sdtuules 9% 727](0F-22, Jeio Tec,
Daejeon, Korea)ol|4] 60T, 24417F <t A %3k thg E47]
(FM-909W, Hanil, Co., Sejong, Korea) &2 #43F & E2 =
Azste] Ba Fell8 AlE2 AMESFA T

FHa3or 54 25

St gal §4 BB Alxe 9% 1xdE auk
ok 2910 goll S/FTE 2F 8 ] 10815 M7k o
termamyl(Termamyl 120 L, 120 KNU/g)2 Novozymes A/S
(Bagsvaerd, Denmark)ol| 4] T-3te] 714 tiH] 3%7} ==
= % 7}8}o] shaking water bath(BS-31, Jeio Tec, Daejeon,

-

olo

Korea)oll 4] 55T, 100 rpm 2 1447+ 27 0 2 1H8-3}d]

B ES A Z3H9

=

Bz 22 Axe svtagat 84 FalE 1,000
mL] pectin(Sigma-Aldrich Co., St. Louis, MO, USA)< 2}
7} 0.1%(SD-P0.1), 0.5%(SD-P0.5), 1.0%(SD-P1) ¥ 2.0%
(SD-P2)Z 7}t TS 1t A7]|(HG-15D, DAIHAN
scientific Co., Wonju, Korea)& ©]-83}] 3,500 rpmoi|A|
203 gt Al 2E #E Y-S FY 25 150C,
W2 2% 100CE ARSI 1, BEEEE 15,000 rpmol
A ABFFEEE 12 mLmine] 2702 olEn}o]A]
(Atomizer)7} 2P 51 %7]|(KL-8, Seogang Engineering
Co., Ltd., Cheonan, Korea)& ©]-&-3lo] BHS #| 23 U,
-70°C o]ake] Qtinol] HyslwA A8 A5 = AME-3IS
th dxTt2e J5ELE HUeA ¥1 #4137
(FreeZone-2.5, Labconco Co., Kansas, MO, USA)E- ©] &3}
of Az FdE AHE5HA
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FES st B4 BelEe B B sEdx
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TSt S BEg HE U ol HeH FiE
=% 7](MB-45, Moisture analyzer, INC., Ohaus, Parsippany,
USA)E °]&3te] 105TollA T2e] o] I3
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o] - ek total dietary fiber assay kit(Megazyme
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3t total starch kit(Megazyme international
Ireland Ltd) & ©]-&-atd A|ZARS] Ao wha} 57513k
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a-amylase(1,600 U/mL) 3 mLE 7}3le] wRb & ZF= ol A
657t HEeAIZTE A2dM 50CE Yzh Al
amyloglucosidase(200 U/mL) 0.1 mLZS 7}ato] mwkeh o2
50C water bathol| 4] 307t ¥Hg-3taL A|EE 100 mLZ
783k 3,000 rpmol| A 10237+ YA &2 3hTh dAE
¥ 45 01 mLE #3t] GOPOD €< 3 mLE 7}ekaL
50ColAl 2087 HAAZ thy  3F=A(Ultraspec
2100pro, Biochrom Ltd., Cambridge, UK)Z ©]-&-3}2] 510 nm
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Starch(%)=AA FWxFVx0.9
AA : Absorbance

F : 100 pg of D-glucose/absorbance for 100 g
of D-glucose

W : Weight of sample

FV : Final volume

NE 23
A S B8-S EFNE7F L=94.5, a=0.18, b=0.32

2 B3 MX}FA|(Chromameter CR400, Minolta Co., Osaka,
Japan)E A5, B EE YERY = Lilightness), 2 =5
YER = a(redness), 34 =& UERN = b(yellowness) 7=
Z7gskslom, Ak ABE TAAE BEE T2 slof
olgfj e} o] ALkttt

AE= A Ad®+ AV
AX37| W AXEH = EF

A7) 242 particle size analyzer(LS-13-320, Beckman
coulter, Fullerton, CA, USA)E- ©]-8-3}] isopropyl alcohol®]]
A A 236kt dAFEAT2E 7F Al 8 gold ion
coatingdt ¥ FANY A& n]7(S-4800, Hitachi high-
Technologies Co., Tokyo, Japan)= ©]-8-3}53th AR A=}
HAn] 7S o] &3 #AL 30 kvollA so0u) v &= s}
At

FEETXF(WAD % =28HX=(WSI) &3
&4 A S=(water absorption index, WAI) % 4=%-8-3]|
) 4(water solubility index, WSI) =742 Phillips©] HPH(14)

Hygsle] =35 FAAx 2 BREAx B
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Table 1. Compositions of simulated gastrointestinal juices

A243A A235 (2017)

=z2 =2

0.5 goll 20 mL SFFE 715k 3,000 rpmol| A 2043t
Y41 E-2](VS-6000CFN, Vision scientific Co., Bucheon,
Korea) §F § AHES FESTATE AHEsIl o, 45
He mjE] FAE 7 F7ld Felste] 105TeA] 443t
X AERAI 1 E-S FEEANATE At ofe 9
2ol ALlsta

Hydrated sample weight-Dry sample weight
Dry sample weight

WAI=

Dry solid weight recovered by evaporating the supernatant .

WSICe)= Dry sample weight

100

T AnMx f2as

% 24T M ZHT-29) Sanae 5(15)°] WHE L
T st o] 83} oW, Lactobacillus plantarum CGKW3
(KACC92075P) 732 MRS broth(Difico Co., Detroit, MI,
USA)Hl A o] 24417t 7 vl ket v A 9
SEtaFuE B8 10%E WigET 23 & 4 AAx
Fass 29 skt Fas A AR HT-29
(K.30038) Al = g M| 23 23(KTCC, Seoul, Korea) 2
2RY Fgol AREeRlon, Ml ZugE RPMI HiA|
(Welgene, Daegu, Korea) & ©]-8-3l] 2}7} 10% fetal bovine
serum(Gibco BRL Co., Grand Island, NY, USA), 1%
penicillin-streptomycin(Gibco BRL Co.)2 % 7}sle] wl s}
Aot AlEE BF 37C, 5%2 ZE®E CO, incubator
(MCO-18AIC, SANYO Co., Sakata, Japan)o] 4] ] 2Fa}%)
HlokE A ZFE 1x10° cellwelle] F=2 2331 24-well
plateol] 48A]7F v Fstaitt. wi < & A2 vjA] o] A5 E
750 UL A 218 vk 4A13F St v dalal PBS ¢89S
o]-83lo] 63] MAH 3 F MRS agar(Difico Co)HlA| & A&
sto] 37°ClA] 244]7F v ket $ FAE colony TE WY E
Z27] @7t AS vluste] A FEes AFESSiTh

H 3l 0
Rabse

e e

Saliva stock solution Gastric stock solution

Duodenal stock solution Bile stock solution

500 mL Deionized water 500 mL Deionzied water

58.5 mg NaCl 2752 g NaCl

74.5 mg KCl 0.824 g KCl

1.05 g NaHCO;3 0.266 g NaH,PO,

0.2 g Utea 0.399 g CaCl,2H,0
0.306 g NH,C1
0.085 g urea
6.5 mL Concentrated HCl

adjuncts

0.5 g Mucin 2.5 g Pepsin

1.0 g a-Amylase 3.0 g Mucin

PH

6.8:0.2 1.30£0.02

500 mL Deionzied water

500 mL Deionzied water

7012 g NaCl 5259 g NaCl

0.564 g KCl 0.376 g KCl

3.388 g NaHCO; 5.785 g NaHCO;

80.0 mg KH2P04

50.0 mg MgCl,

0.1 g Urea 025 g Urea

0.18 mL Concentrated HCI 0.15 mL Concentrated HCI
9.0 g Pancreatin 30 g Bile salts

1.5 g Lipase

8.1+0.2 8.2+0.2
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Adhesion(%)=(N/Ng)*100%
Ni=number of adherent lactic acid cells
No=number of added lactic acid cells

In vitro Q1A W AstmH

In vitro QA W 432492 Hur 5(16)2] in vitro human
digesiion’® L3 5531e] ol Gl om, BANE B B}
2 B2-E single-step model= ©]-8-3t] ZHAF S-S
B3l A W Astrds BAESITE EA o A B
(saliva), 9|9 (gastric), &< (duodenal) 2 5 (bile) A
&9 AL Table 13} 2ot 7} &9 7} A] 1 M HCI
(Duksan Pure Chemicals, Seoul, Korea) % 1 N sodium
hydroxide(Duksan Pure Chemicals.) & A}-&-3l] pHE 273
st} Bkg-S SFFZ(BS-31, Jeio Tech.)oll A 37T, 50xg
o8 AP om, WA AEE T AR 1g R B
6 mLE H7kste] 581t vhg-gh vhs 919 12 mLE 378t
of 243t WEESIGATE o] £ A 12 mL B HEY 6 mLE
A7Vste] 2A17F W82 %13 % The 3,000 rpmol| A 20+27t
AEE sl F2 e AZRAZ] R FAE 54
sto] AsheR ALkste] A&t

weight of dried residue §
weight of initial powder

in vitro digestibility(%)=

SAHX 2|

AP A= 33] vhE o7 Fslo] HF+FFHARE Ve
HSlem SPSS(19.0, SPSS Inc., Chicago, IL, USA)E ©]&
slo] BAMEA(ANOVA)S At 2t =% HiFzke] &
2] (p<0.05)-> Duncan’s multiple range test= 737% -3t}
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624%= UERf o] A2 6.12%9F 5413 S UER)
om, o]= Shin 5(17)9 AFHe 4EAHF ¢ &4
Aol o3t £83F Afolr &Y 2 E& A
olgl] dnje} &R 843 Aol Frefo] FUIstkaL
B u3kgitth B8k Han 5(18)°] A2 AR 7HEaliAl4
of A7} vX & Gl tigt AFollA] Gxjefol <3l
A ZHY 2] Flelo] B-elimination®l] 2|3} Y3 x|o] &3
Jol S7HEel oJall F Alolidf Fkell= ARl Afol&
YRR dstov 84 Aol fe A% 9 =2
< Yehdtia Baste] E A9 AR A
BieR=

2

h z=
72.68-87.12% 3t} FEEEE AR FEe] A
67%= VERf o] ERAZ B 1.68-2.46%°) Wl =
ks JeERRIT) ol BRx B Al2E 93 &
A% FHIA 718 2=7) S7I8IE Gid 1849 57t
2 3 FadEro] gt AFE e dX|ek%l o
(19), Kwon 5(20)9] Az mE 3 559 #45
goll A BREAZ BdolA] SAAE Bl vg)] e FE
S Uepdtha Bausle] B AAne) fA A9ks
Uep Aot dEgede Bz B4 45.32-46.51%
o] ke Vehflo] BAAZ B 41.06%0) Hl&) WA
o2 o] Frkshe S YeRIA o] Lee21)9]
VA7t FFRe AT &l vxE dE] o
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7=t ol 7FEA ol sl 84 il fEE
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Fig. 1. Scanning electron microscopic photograpghs of spray-dried pumpkin sweet potato hydrolysates (magnification x500).

FD, freeze-dried powder; SD-PO.1, spray-dried powder added pectin 0.1%; SD-P0.5, spray-dried powder added pectin 0.5%; SD-P1, spray-dried powder added pectin 1%; SD-P2,
spray-dried powder added pectin 2%.
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Table 2. Dietary fiber composition of the pumpkin sweet potato
treated by enzymes

Dietary fiber composition (%)

Samples Insoluble dietary Soluble Total
fiber dietary fiber dietary fiber

Control 6.04+097" 0.08+0.02 6.1240.81

Termamyl 4174024 2.07+0.39 6.24+0.33

DAIl values are expressed as meantSD of triplicate determinations.

Table 3. Yield, moisture, and total starch of spray-dried pumpkin
sweet potato hydrolysates

1 . Moisture content Total
Samples Yield (%) %) starch (%)
FD 9027 2.6740.10™ 41.06+0.57°
SD-P0.1 72.68 1.68+0.04° 46.39+0.19"
SD-P0.5 80.04 2.1240.07° 465140.13"
SD-P1 87.12 2.39+0.09° 45324045
SD-P2 79.04 2.46+0.06° 4538+0.40°

UFD, freeze-dried powder; SD-P0.1, spray-dried powder added pectin 0.1%; SD-P0.5,
spray-dried powder added pectin 0.5%; SD-P1, spray-dried powder added pectin 1%;
SD-P2, spray-dried powder added pectin 2%.

IMeans+SD (n=3) within each column (a-d) followed by the same letter are not
significantly different (p<0.05).

AXZ7| R YR FHTE
SutaTEl E4 dele Brdx w5, QA=
7] 2 AAEHTZE Table 49 YERAQITE E2e] o]

=
FAL AP 84 F S Amel A BAAE
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¢

= a 7‘1 7"1
o, BRAZ ko]l A9 L 3 76.73-80.372 LERY
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FD SD-P0.1 SD-P0.5 SD-P1 SD-P2

Fig. 2. Adhesion of of spray-dried pumpkin sweet potato hydrolysates
to intestinal epithelial HT-29 cells.

FD, freeze-dried powder; SD-P0.1, spray-dried powder added pectin 0.1%; SD-P0.5,
spray-dried powder added pectin 0.5%; SD-P1, spray-dried powder added pectin 1%;
SD-P2, spray-dried powder added pectin 2%.

The data are expressed as the meanstSD (n=3).

A243A A235 (2017)

vehllo] 'l Hrke] S71eE L jh 9 a b2 143t
b #HE IR A4S el B AAx Bds
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2% 7} FRrA Ax syt feld oz A UERsTh
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Simulated gastrointestinal juices

Fig. 3. In vitro Release profiles of spray-dried pumpkin sweet potato
hydrolysates. Dissolution behavior in simulated mouth (salivary
stock), stomach (gastric stock) and small intestine (duodenal stock
and bile stock).

FD, freeze-dried powder; SD-P1, spray-dried powder added pectin 1%.
The data are expressed as the meanstSD (n=3).
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Table 4. Hunter’s color values, and particle size of spray-dried pumpkin sweet potato hydrolysates

Hunter’s color value

Samples” Particle size
L a b AE (1m)

FD 79.38+0.34™ 043+0.02° 18.540.07° - 247.79+9.24*

SD-PO.1 80.37+0.21° 0.53+0,02° 17.430.10° 1504029 37.17+0.08"

SD-P0.5 79.73+0.17° 0.50+0,02° 17.510.10° 1.15+031° 3731021°

SD-P1 78.16£0.24° 0.29+0,02° 17.54+0.03" 1.59+0.08" 41.32+0.08°

SD-P2 76.73+0.65" 0.13+0.03° 18.45+0.11° 2.67+0.66" 4£2.3240.15°

UED, freeze-dried powder; SD-P0.1, spray-dried powder added pectin 0.1%; SD-P0.5, spray-dried powder added pectin 0.5%; SD-P1, spray-dried powder added pectin 1%; SD-P2,

spray -dried powder added pectin 2%.

IMeanstSD (n=3) within each column (a-d) followed by the same letter are not significantly different (p<0.05).

FESTAITE Ueilen, dd Hrlgko] S}
7} Z71e ). Chae$}t Hong(25)<]
A tup 2280 BEAZR B Ao FEEFA

e AR £RA% o] va) A vehdthn
Buge] & AFARS FAKD AP T +8

LA = AR E EZolA 80.75-87.61%5 YERS
on =AAZ B AL 7047%E JERIQAT) SR
A G2 S ne g 24 B et dA T
g F Ao B EolA AolE Yepdtha Husn
o™ (26), ol= Hl 2% AEdAel o3 Aoz Wi
ALErt vrom o] AgtEo] Frkgitty HauE o

ATH27).

Table 5. Water absorption index (WAI) and water solubility index
(WSI) of spray-dried pumpkin sweet potato hydrolysates

Samples” WAI WSI (%)
) 2.15+0.05” 7047+1.74°
SD-P0.1 1744003 81.80£0.44'
SD-P0.5 1.7740.04 80.75:0.60"
SD-P1 1.76+0.05° 87.61:0.40°
SD-P2 1.910,03° 86.1412.91°

PFD, freeze-dried powder; SD-PO.1, spray-dried powder added pectin 0.1%; SD-P0.5,
spray-dried powder added pectin 0.5%; SD-P1, spray-dried powder added pectin 1%;
SD-P2, spray-dried powder added pectin 2%.

"MeanstSD (n=3) within each column (a-c) followed by the same letter are not
significantly different (p<0.05).
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