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Abstract

This study was conducted to examine the utilization potential of grape stems as nutritional supplements, and the
physiological functionalities of 70% ethanol extracts from grape fruit stem (GFS) were investigated. Each experimental
group was prepared with different methods and included GFSF (GFS prepared with freeze drying), GFSI (GFS
prepared with infrared drying), GFSH (GFS prepared with heat air drying), and GFSS (GFS prepared with sun
drying). The respective yields of freeze-dried powders for the GFSF, GFSI, GFSH, and GFSS were 59.27%, 57.13%,
58.57%, and 58.87%., respectively. Total polyphenol contents in the GFSF were significantly greater than those
in the other extracts, whereas total flavonoid contents in the GFSI were higher than those in the other extracts.
The contents of proanthocyanidin-related substances were ranked in the order of GFSF > GFSI > GFSH > GFSS.
The thin layer chromatograph (TLC) analysis of catechin showed that the GFSF, GFSI, GFSH, and GFSS were
detected in the same band. The electron donating ability with 500 pg/mL (w/v) solutions of GFSF, GFSI, GFSH,
and GFSS amounted to 93.14%, 93.07%, 92.64%, and 86.95%, respectively, and the reducing powers (OD 700)
were 1.933, 1.765, 1.455, and 1.200 absorbance units, respectively. Additionally, the ABTS radical scavenging
ability showed the same tendency that was observed with the electron donating ability and reducing power. The
angiotensin-converting enzyme (ACE) inhibitory activity and tyrosinase inhibitory activity with 500 pg/mL (w/v)
solutions of GFSF and GFSI were higher than those of GFSH and GFSS. In conclusion, the infrared drying technique
is the superior method for the enhancement of biological activity for by-product utilization.
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Table 1. Yields, moisture content, and Hunter’s color value of
70% ethanol extracts of grape fruit stem with different drying
methods

Hunter’s color value

Samples” Yields * * "
P (%, dry basis) L a b Ly
(lightness)  (redness) (yellowness) (hue angle)

GFSF  59.17125"™9 5337098 577+0.14° 8.60:0.17° 68.31:0.63"
GFSI 5793153 4925099 7.02022° 10.61:033" 62.77£025°
GFSH ~ 5857+1.19  51.00:0.94% 6.50:027° 11.42+0.19" 66.37+0.76°
GFSS 5887181  50.70:044" 6.73:0.09" 11.55:0.11° 63.370.06°

D Abbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI,
ethanol extract of grape fruit stem with infrared drying; GFSH, ethanol extract of
grape fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem
with sun drying.

Malues are meanstSD of triplicate determinations.

INS, not significant.

“Different superscripts within a column (ac) indicate significant differences (p<0.05).
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Table 2. Total polyphenol, flavonoid, and proanthocyanidin contents of 70% ethanol extracts of grape fruit stem with different drying

methods
(mg/g, dry basis)
Mesurement GFSF" GFSP? GFSH” GFSs”
Polyphenols (mg GAE”/g) 270.09+5.71%* 268.4413.75" 252.49+2.45" 253.03¢3.13"
Flavonoids (mg RHE®/g) 58.3521.20° 64.5720.76" 61.652.24° 59461141
Proanthocyanidins (mg CE”/g) 193.47+2.62° 181.30+2.54" 159.60+1.61° 157.13£1.71°

) Abbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI, ethanol extract of grape fruit stem with infrared drying; GESH, ethanol extract of
grape fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem with sun drying.
*GAE, gallic acid equivalents; RHE, rutin hydrate equivalents; CE, catechin hydrate equivalents.

9Values are meanstSD of triplicate determinations.
“Different superscripts within a row (a-d) indicate significant differences (p<0.05).
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Fig. 1. TLC chromatogram of 70% ethanol extracts of grape fruit

stem with different drying methods.

The spots were visualized by spraying with a 1% vanillin solution in 70% hydrochloric
acid. The concentrations of test solutions were measured at 1,000 ppm.
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Table 3. Electron donating ability of 70% ethanol extracts of grape fruit stem with different drying methods

Concentration (j1gfmL)

Positive control” (50 ng/ml)

Samples”
50 100 AA BHA BHT
GFSF 24.37+0.85% 46.83+1.53° 94.14+0.64°
GFSI 23.26+0.48" 46.44+1.20° 93.07+0.57" N . .
97.8240.15 82.61+1.05 20.96+1.45
GFSH 23.06+1.73° 4621+1.11° 92.64+0.29°
GFSS 23,09+0.72° 39.21+0.74° 86.95:0.32°

DAbbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI, ethanol extract of grape fruit stem with infrared drying; GFSH, ethanol extract of

grape fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem with sun drying.

AA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.

Walues are meanstSD of triplicate determinations.

“Different superscripts within a column (a-c) and row (A-C) indicate significant differences (p<0.05).
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Table 4. Reducing power of 70% ethanol extracts of grape fruit stem with different drying methods

Sarmes” Concentration (ug/mL) Positive control” (50 ugml)

amples
P 50 100 500 AA BHA BHT
GFSF 0.3160.008™ 0.636+0.008° 1.933+0.023°
GFSI 03120012 0.629+0.014" 1.76520.010° . | 5

5 2.547+0.017 2.578+0.019 0.514£0.02

GFSH 0.2480.005 0.621+0.008" 1.45520.026°
GFSS 0.215%0.005° 0.587+0.004° 1.2000.016"

DAbbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI, ethanol extract of grape fruit stem with infrared drying; GFSH, ethanol extract of grape
fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem with sun drying.

YAA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.

IWalues are meansSD of triplicate determinations.

“Different superscripts within a column (a-d) and row (A-B) indicate significant differences (p<0.05).

Table 5. ABTS radical scavenging ability of 70% ethanol extracts of grape fruit stem with different drying methods

Sammples” Concentration (j1gfmL) Positive control” (50 ug/mL)

amples
P 50 100 500 AA BHA BHT
GFSF 44.95+1,09% 83.8412.46" 93.67:0.19°
GFSI 42414263 82.02+0.95® 93.20+0.12" \ . .

. , 5 98.61+0.13 97.96+0.16 90.96+0.61

GFSH 40.86+2.06 80.07:2.12 91.60+0.81
GFSS 29.68+1.04° 56.11+1.5%° 91.49+0.69"

DAbbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI, ethanol extract of grape fruit stem with infrared drying; GFSH, ethanol extract of grape
fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem with sun drying.

AA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.

Walues are means+SD of triplicate determinations.

“Different superscripts within a column (a-c) and row (A-C) indicate significant differences (p<0.05).

ABTS 2oz 27y Stk 9 FY FE(50-100 pg/mL)e] = A 2] el A
GFSF, GFSI, GFSH, 2 GFSS2| ABTS 2tz AAEA ABTS &tz &7 kg—o] AzLgo] 5ol vlale] 53]

= H|wgh 23 Table 59 2ot F=7F F7kstel whet 24 Uehl& A2 radicale A7 8tE 71%o] B2

O B HE Ao s 2kl o Y2 AA, BHA, 2 71%‘0] Aisle =7 gd2ge JoA 3 sl

BHTE.th= 22 2442 UEhSITh 50-100 pg/mLe] &% 2 2485 Yehdle 2o 8 ddHEh

ANE TAUZT 4.95% % froldo® B S UL

o, 2 ogo® Aoz 9 E3dt AdUx £ ACE Nsllgd &3

2 JERTh o]& Nam 5(28)¢] Azl 2 Ak Aol e £ Fo]7kA] 2] ACE Aell /2 rutin

F=E dTolAe] ABTS @tz A 2/do] 2% 9 catechin?} ¥ 1t A ¥} Table 62 2T} 500 pg/mL

A 7P =A 33| A dA8ISITE 500 pgmLe] =l %ol A 2] GESF, GFSI, GFSH, % GFSSe| ACE A& 24

ME ga Aol oy RE Az A H)$=3 GAS & Z}7} 61.13%, 66.79%, 55.58%, 53.54% % 22174 2]

Table 6. Angiotensin converting enzyme(ACE) inhibitory activity of 70% ethanol extracts of grape fruit stem with different drying
methods

Positive control

Measurement GFSF" GFSP” GFSH” GFSS” (500 ngfmlL)
Rutin Cathechin
ACE inhibitory activity 3)b6) a c c A B
(% 500 g/ml) 61.13£2.10 66.79:2.10 55.58£1.07 53.54+1.66 92.49+1.37 87.7242.11

) Abbreviations: GFSF, ethanol extract of grape fruit stem with freeze drying; GFSI, ethanol extract of grape fruit stem with infrared drying; GFSH, ethanol extract of
grape fruit stem with heat air drying; GFSS, ethanol extract of grape fruit stem with sun drying.

MValues are meansSD of triplicate determinations.

9Different superscripts within a row (a-c) and (A-B) indicate significant differences (p<0.05).
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A Vg Eka Beew $AAZ, AFAX, WAAZ
&ol B4 Yehigich Azl Be dudeel
Aol A BAL GHE T A weGE] ol
oI 5ol Brhe Bu@nst, 2R delA Eeld
sy B 3 Eehiico] 24 e] ACE A HES 1)
e Ha@) 2 0 Zx Fol/kAe] Fhsle] e s
B3l 7% Jlow F3Hth ¢l X Sl F

. [¢]
=9 A5 i Az Lozl &4EZQ] rutin
(92.49%)7} catechin(87.72%)°] Fell= RIA|A] Bt =
< 242 Uehfo] A4 Fud Y 229 o874
= 4737 e 53, AAddx A ¢ G4
Yelo] AdA &g 719d = gleet Atadrh

XE kg g8 9 g A g sbed S
Z o 12 ¥ & £0]7}A] 70% ethanol
A& SHth Hdve T2 $
SAAZET 70% ethanol F+ZE(GFSF), A¢] 471
252 70% ethanol F=E(GFSI), @3 U2EZ 70%
ethanol %% (GFSH), ¥ xE2 70% ethanol =%
(GFSS)S 7V7t BAZst Ao AMEsIt &2
GFSF, GFSI, GFSH, ¥ GFSS7} ztz} 59.17%, 57.13%,
58.57%, 58.87% % =< &5 HA o Az n&
ol AQl atol= gt Aes Aoz, dFdx 9
ALAZNA L* G 7Askar ar 3F 2 br 3 S7Ishe
7385 YJepfIlt. Ee]9E -2 GFSF, GFSI, GFSH,
2 GFSS7} g9 Z+7} 270.09 mg, 268.44 mg, 252.49 mg
4 253.03 mge|on ZEtE o= ke 7h7) 58.35
mg, 64.57 mg, 61.65 mg 2 59.46 mgo] AEH Ut} TRt
EAlolyd gk A= g 27t 193.47 mg, 181.30 mg,
159.60 mg % 157.13 mge] A& At TLC 4] 2%
B2E AZTFA catechin®} L3 ¢ XA band7} &<l
H9lom FANZR, AYXAAZR, 43R, ALdAx &2
2 AHe Aag et 500 pgmLe] FXZelA

11
93.14%, 93.07%, 92.64% 2 86.95% % FAAZ, XA
Z 9 G327 AIdZ vlgle] felFog w2 84
S Uiz S48 e 37 S71ErE fojzow
7kl AdS EIth 50-100 pg/mLe] FIEolAl<]
ABTS gz 2AGo e 40%, Az 2
Gzt Izl vst] €53] B2 &S e
Atk 500 pg/mL F=o42] ACE A& E4-& GFSF, GFSI,
GFSH, % GFSS7} 242} 61.13%, 66.79%, 55.58%, 53.54%2]
248 Jeplglon AQMAZA 7 w2 AsEAd
< YRRt} o33t A E 3] B v Az 2

23832 A257 A3E (2018)
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