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Nutritional Analyses, Antioxidant and Anti—obesity Activities of Apple Pomace

Ji eun Kim

Department of Food Science and Technology, Graduate School

Pukyong National University, Busan 608-737, Korea

Abstract

This study analyzed the nutritional components, ursolic acid content and
antioxidant activity of different solvent (distilled water, fermented alcohol,
methanol) extracts to increase the utilization of apple pomace, which is a
by-product after processing of apple. The samples were hot air dried apple
pomace and freeze dried apple pomace.

The moisture, carbohydrate, protein, fat, ash and total dietary fiber of hot air
dried apple pomace were 3.2%, 885%, 3.9%, 24%, 2.0% and 285%, those of
freeze dried apple pomace were 8.2%, 84.2%, 3.4%, 2.4%, 18% and 33.0%,
respectively. Total polyphenol and total flavonoid contents of hot air dried apple
pomace were the highest at 306.7 pg/mL and 950.1 ng/mL in methanol extracts
and 2776 ug/mL and 925.0 pg/mlL in methanol extracts of freeze dried apple
pomace. DPPH radical scavenging activities of hot air dried apple pomace were
73.3% in methanol extract and 59.4% in fermented alcohol extract and that of
freeze dried apple pomace were 76.1% in methanol extract and 66.0% in
fermented alcohol extract. Both samples showed the lowest antioxidant activity in
distilled water extracts. Similar to DPPH radical scavenging activity, both
samples showed higher ABTS radical scavenging activity in the order of
methanol, fermented alcohol and distilled water. In case of reducing power, all
experimental groups showed stronger reducing power than ascorbic acid (3115 n

g/mL), which was a positive control. In ursolic acid content, ursolic acid was not



detected in distilled water extract of both samples. However, in hot air dried
apple pomace, methanol extract was 1,753.32 ng/mL and fermented alcohol extract
was 153294 pg/mL. In freeze dried apple pomace, methanol extract was 1,407.04

ng/mL, fermented alcohol extract was 1,221.81 pg/mL.
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A3 (Malus pumila var. dulcissima)©= 373 SFuE 2] EQ Alyppi
of dujiE FA SEuetel A FHE ol AwiE = A F stuolth. FAA
of mtEw f-ueke] 2018 Akt AEiE A2 33234 ha® 2009 AHf
1?1 30,451 ha Rt} 2783 ha Z7Fstdom Al-= w22 74 5(19,780
ha), &% (4,056 ha), 2'2(3,374 ha), A 5(2,642 ha) o2 YEIITH(EAH
2018). s SFAMA E N w2w vt 20161 AbeF AL 577 63
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AbpEre Ab3} F ko] oF 25~30%% xFAetH B3 &, vitamin C, 7] Y]
(P, K, Mn, Ca, and Fe), 2Jo]df % polyphenol¥} < 7|5H o2 T8
sk Al 4 4o o FaEo 2 A ggakst 549

HE Aoz 4¥A UrtH(Wang et al., 2007). Abpate]l FAE
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galacturonic acid (49~64 mol%), arabinose (14~23 mol%), galactose (6~
15 mol%), A %2l rhamnose, xylose, glucose® T4 %] dt}(Mehrlander
et al, 2002). T3k Apzpulo]l Aol f-+= cellulose, hemicelluloses, pectins,
lignins, gums o= A= Qi o]eg o]+ bulking agent=A]
FU olsE A diwe] FEIFS S7FA171M (Sudha et al, 2007) A EaA



2, e, mnt 32 gud d g3h Hold Ao Iy A

(Figuerola et al., 2005, Boyer & Liu, 2004). AF&HEre] Fe HsA

%0
o

M
rlo
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E3] procyanidin®} quercetin glycosides:= in vitrool A 723 &4k3t g4
HE Ao YEtgtHLu & Foo, 2000). AFY FE & 98] T AL
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1. 49 A5 R A%

& Aol AgE A=

Fl(‘

AZAz EAAZ & Apzurs 7 Eujo] o Al
A AU (Andong, Gyeongsangbuk-do, Korea)o ZH-E A& wto}l AFE3}S
o} AELS E37](BL240, Home Culture Appliances (Shenzhen) Limited.,
China)2 &3gt & AEWol| ol 4TolA Hsto] Agof| AL&3F3 ).

HPLC #45 93t Algw &wli= methanol, acetonitrile (Honywell
Burdick & Jackson, Ulsan, Korea)& AF83l% 1, x+-E2 =2 A3 ursolic
acid (Sigma-Aldrich, Saint Louis, MO, USA)+= HPLC grade®A*] =>985%
?l AE o] &3] A4S

A Z AL 208 H(w/iv)e FFHF, HEFA, methanolS #H7hale] 124]
b FEAY FEALE Nol o)A (Advantec, Toyo Roshi Kaisha, Ltd.,
Tokyo, Japan)& AF-&3ste] o st & 2Heka=7](N-1000, Tokyo Rikakikai
Co., LTD., Tokyo, Japan)Z &3 AS &ulo] 250 mg/mLe] v%5=2 A&

epshol #Ao AHgsHl o

3. gt HE A



Apshare] QuRES AOAC EFEAIMel olste] EASHAHAOAC,
1995). &< ArtEddzyol w2l FEE471(MX-50, A&D, Tokyo,

Japan)E ©°]&3t L & ¢ H=7F 001 %/min olst7t HWH tEe T

rlo

Aate AL Aoz sttt 2UwWe micro-Kjedahl®, A4
Rose-Gottlieb™, 32 550TCAA A HEsPH S ol &35t FA-3 93,
H}

o, 22, 238 g Al dA

& 2ol4lf(total dietary fiber, TDF) 32 AOACHol o3 G4-F %
¥ (enzyme-gravimetric method) 2.2 A 3FATHAOAC,, 1995). A& 1 gol

MES-Tris &+529% 40 mLE 7}3t % thermophile a-amylase &4 -8 <

El

(Sigma-Aldrich) 50 pLE #7}ske] 95~100C water batholl 4] 15% &<t
Hhslo] WH-S-3FS T Water bathol Al 7Zulo] 60C=2 213 ¥ protease from
Bacillus licheniformis &8 9% (Sigma-Aldrich) 100 uLE #H7}ste] 60T
water batholl 4] 30 -&<QF augkslo] w3 AIZTE 0561 M HCI 5 mL& ¥
1 M NaOH¢ 1 M HCl&  o]&sted pH 40~47= =43 F
amyloglucosidase solution from Aspergillus niger 32~-8 9 (Sigma-Aldrich)
300 pLE #H7kske] 60C water batholl A 30 &<QF uwksto] RWESAJH T
95% ethanol 225 mLE &AW @ AF-E& Aol 7hspar, ALolA 142 3

A 5 ol & ol&ste] AEoldt sk JEa FAshEA 78%

ethanol, 95% ethanol, acetone =2 & 77z} 15 mL A 23] 1HFES A # 3
5 ZFEo ol FElodHr|E 105TolA 12413 AXRAIA 2 o]+

ARZE ATk Aoldf AREo wud FEi HE FES W g 4



ZF ZY9HE FHE Folin-DenistHS ol &3t om, Alg9 HEA 33E
o ¢&} Folin-Ciocalteu A|¢fo] #dx o] Zg]Bd FAow WAL= e
= o] g3l EAEAT. 96 Well platee] A& 50 ulel 2w 3 A3
Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich) 20 uLE 7}3}o] A2 of A
387 x99t 1 3 10% sodium carbonate €9 30 uLE 7}sto] AL
oA 308 WX} FH, FTHSF 100 pLE st eSS FEAHTH
Microplate reader (EPOCH2, BioTek Instruments, Inc., Winooski, VT,
USA)E o]&3te] 750 nmollAl FF=E
gallic acid (Sigma-Aldrich)E 0~100 pg/mLe] s=2 ZAste] 2433t

= ZFgHol= g2 96 Well plated] A& 20 upl, 10% aluminum

5|\

Aol AL, standard curvets

nitrate 4 pL, 1 M potassium acetate 4 uL % ethanol 172 pLE &= 7}
Al 2o A 40%-7F B2 EF t}2 microplate readerE ©]-83}o] 415 nmoll
A FHEE =A3s9 S Moreno et al, 2000). Standard curve: quercetin

(Sigma-Aldrich)S 0~100 ng/mLe] FLE = FA|ste] 243t
6. DPPH radical £2A% =4

DPPH radical 27 % =42 96 Well plateo] A% 100 pl. ¢ DPPH &<
100 ul. & 7}k & 35T <halo) A 3087+ HFE A 7] 21 microplate readerZ
o] &3te] 517 nmollAd FFE=E =AM H(Sharma and Bhat, 2009). <4

fETEE AZ897 T93F %9 methanolS AMEst9 1, G4 HxET+2



+ 0.1 mg/mL ascorbic acidE ©°]&3tth. DPPH radical &A%< o<
4g ol gstel Axstart

_ _ o Absorbance piank)~Absorbance es)
Radical scavenging activity (%)= %100
Absorbance piank)

7. ABTS radical £2A% =A

ABTS radical 27% =42 antioxidant assay kit (Sigma-Aldrich)E ©]
43te] A5k 96 Well platee] A& 10 pLe} myoglobin working
solution 20 pLE # 3 % ABTS substrate wokring solution 150 plL< 7}
sto] Aol A 5t WASEATE 7L §, stop solution 100 uL-& F3ske] Rk

g

A\

£S5 =8 A7 3 microplate readerS ©]83te] 405 nmol A FHEE
3t} Standard curve® 1.5 mM trolox working solution¥} assay buffer
& EFst 0~042 mM °] TE=E XAt AAstRoen FddxzT=E

0.1 mg/mL ascorbic acid& ©]-&3} %t}

gd8 =48 A8 100 plel 02 M sodium phosphate buffer (pH 6.6)
500 puLet 1% potassium ferricyanide 50 plLS &3 & 50CeolA 20%
HE-3- A 74 tH(Oyazu, 1986). WHS-oo] 10% trichloroacetic acid 25 mLE 7}
3te] 10+ &< 5000 rpmell Al AAEE g & AFH 500 plel F7F 500
At 2 $ wkg-o 200 L&

96 Well platedll 7}a}al, microplate readerE ©]€3to] 700 nmol A FH ==

ol
2

uL, 1% ferric chloride 100 L= 7}sle] &3t



=43}t Standard curve trolox (Sigma-Aldrich)E 0~1000 pg/mL<]

T ZAstY] #AAstg oy AN ETFE 0.1 mg/mL ascorbic acidE ©]
gara

Ursolic acid 3% 45 9] HPLC (U-3000, Thermo Fisher Scientific
Inc., MA., USA) & A&39th. 429l =555 045 ym membrane filter
(Advantec)2 o] 33fe] EAo] Algs o FFEZHQ ursolic acidE
methanol®] & %=3(0~100 ppm)® &35} standard curves F3 AT &
Mttt HPLCE o83 iM% Table 19 23tk o]&de

acetonitrile : methanolS 8 : 2 o] H| &% 3} isocratic el = #2139t}

10. SA A g



Table 1. HPLC Condition for the analysis of ursolic acid content

Condition
Model Acclaim™ 120
Column Size 4.6x250 mm
Rarticle size S5pm
Flow rate 0.5 mL/min
_ Oven temp. 35C
Analysis
Condition
UV detector 210 nm
Injection
] 5 ul
Quantity




=
wK
iz
70
=)

—

0

or
ol

,_llyl

To-

N
T

Ho
Nd

T
Hlo

’

=]
R

AbabEl 100 g Fell= 32%

»(;51_

et I3z

o] Table 2¢]

il

885% ®trshE, 3.9% =¥ 24% AW, 2.0% *3

AREE 100 g Tl

g Yehde sZ23x &
84.2% ®rstE, 34% 2T, 24% =AW, 18% %3

shake 285%

el
il

-8
T,

8.2%

W

o]

of o]k

to
-
Nz
I~

G

jon s

Ho
s

o

2 AGFHAG(Jin et al, 2002). AtzFe] 2] o]

e

|

o

]

(e}

S Aol 7hs @ ol

[e)
IT 7o

of Al zef gl

ol

Zb A AT

Jurol= #F

]
_io

M
B
™
i

_io

Table 3, Table 4, Fig. 1, Fig. 2] Y&}

tel 1 ft=

)



Table 2. Nutritional components of hot air dried apple pomace and

freeze dried apple pomace

) Hot air dried Freeze dried
Nutrients
apple pomace appel pomace
Moisture 8i0#0. [oMz2 8.2+0.10°
Carbohydrate 88.5+£0.66% 84.2+0.70°
General
nutrients Crude protein 3.9+0.357 3.4+0.357
(%)
Crude fat 2.4+0.05° 2.4+0.04%
Crude ash 2.0x£0.57° 1.8+£0.37¢
Dietary fiber b
28.5+1.2% 33.0£0.58

(%)

D Values are mean+SD. Values are mean of triplicates.
? Same letter in the line are not significantly different at the 5% level.

(p<0.05)
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Table 3. Total polyphenol content of different solvent extracts of

apple pomace

(Unit: pg/mL)

Hot air dried apple pomace
(250 mg/mL)

Freeze dried appel pomace
(250 mg/mL)

Methanol 306.7+6.98V2
Fermented
243.7+4.16°
alcohol
Distilled
86.0£5.57¢
water

277.6+£11.67°

192.3+8.00¢

78.7+2.29°

U Values are mean = SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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Fig. 1. Total polyphenol content of different solvent extracts of
apple pomace. (H.D, Hot air dried apple pomace; F.D, Freeze dried
apple pomace; D.W, Distilled water; F.A, Fermented alcohol; MeOH,
Methanol)
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Table 4. Total flavonoid content of different solvent extracts of
apple pomace

(Unit: pg/mL)

Hot air dried apple pomace Freeze dried appel pomace

(250 mg/mL) (250 mg/mL)
Methanol 950.1+19.58"42 925.0£14.11%
Fermented .
604.0+£20.51 741.8+£16.47¢
alcohol
Distilled .
289.3+38.44 169.6+£14.38°
water

U Values are mean = SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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Fig. 2. Total flavonoid content of different solvent extracts of apple
pomace. (H.D, Hot air dried apple pomace; F.D, Freeze dried apple
pomace; D.W, Distilled water; F.A, Fermented alcohol;, MeOH,
Methanol)
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3. dEA%xY 24X 3 Al#ure] DPPH radical & A

-
[e)

-~

DPPH radical 2275 42 <443 free radicaldl DPPH7} Al&9] &4
st =4dol oaf sl Hepdo] EAE ol wmgho] = s o8
Wi ol (Lee et al, 2004), =2 A& Table 59 Fig. 3o WE AT

d3F3Ax & At#ure] DPPH radical 24 %2 WEE FEE4A4 73.3%
2 M =8 e vl daFy FEIoA s 594% = e el A
o} oAl Aol YA FZAAZE 3 ALFEke] DPPH radical &7 %

¢

btk Ao®E delAd Ath(Kim et al, 2014).

= AdA AFEE ABTS kite] €@+ metmyoglobin?} hydrogen
peroxide 25 ferryl myoglobin radicale] @4 % i, o] &=&o] ABTSE At
3tA] A radical cation®l F212] ABTS & @Asto], A5 e 4tst &4
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Table 5. DPPH radical scavenging activity of different solvent

extracts of apple pomace

(Unit: %)
Hot air dried Freeze dried ) )
: ) Ascorbic acid
apple pomace appel pomace
(0.1 /mL)
(250 mg/mL) (250 mg/mL) mesm
Methanol 73.3040 ¥R 76.1+0.94
Fermented A
59.4+5.77¢ 66.0£6.76> 79.6+0.71%
alcohol
Distilled
8.3+2.30¢ 12.7+1.69¢
water

U Values are mean = SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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Fig. 3. DPPH radical scavenging activity of different solvent

extracts of apple pomace. (H.D, Hot air dried apple pomace; F.D,
Freeze dried apple pomace; D.W, Distilled water; F.A, Fermented
alcohol; MeOH, Methanol)
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Table 6. ABTS radical scavenging activity of different solvent

extracts of apple pomace
(Unit: mM Trolox)

Hot air dried Freeze dried ) )
1 1 Ascorbic acid
apple pomace appel pomace
s s (0.1 mg/mL)
(250 mg/mL) (250 mg/mL)
Methanol 0.330+0.005"%? 0.314+0.016"
Fermented "
0.302£0.010"¢ 0.299£0.011¢ 0.368£0.008?
alcohol
Distilled
0.244+0.009¢ 0.254+0.0119
water

U Values are mean = SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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DWW
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1 MeQH

0.3 4

0.2 1

0.1 1

ABTS radical scavenging activity
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0.0 ! T
F.D H.D Ascorbic acid

Fig. 4. ABTS radical scavenging activity of different solvent
extracts of apple pomace. (H.D, Hot air dried apple pomace; F.D,
Freeze dried apple pomace; D.W, Distilled water; F.A, Fermented
alcohol; MeOH, Methanol)
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Table 7. Reducing power of different solvent extracts of apple

pomace
(Unit: pg/mL)
Hot air dried Freeze dried ) )
| 1 Ascorbic acid
apple pomace appel pomace
i e (0.1 mg/mL)
(250 mg/mL) (250 mg/mL)
Methanol 578.3+3.50V% 506.7+7.95
Fermented d q
363.3£6.59 370.3+6.64¢ 311.5+5.48°
alcohol
Distilled 3
386.5£12.13°¢ 355.15+4.79
water

D Values are mean = SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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Fig. 5. Reducing power of different solvent extracts of apple
pomace. (H.D, Hot air dried apple pomace; F.D, Freeze dried apple
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Table 8. Ursolic acid content of different solvent extracts of apple

pomace
(Unit: pg/mL)
Hot air dried apple pomace Freeze dried apple pomace
Methanol 1753.32+35.91"%2 1407.03+36.03¢
Fermented
1532.94+46.91° 1221.81+34.49¢
alcohol
Distilled
0° 0°
water

Y Values are mean + SD. Values are mean of triplicates.

? Same letter are not significantly different at the 5% level. (p<0.05)
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