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Abstract

Bitter melon has many nutrients and is excellent for many physiological functions. Here, bitter melon was dried
by various methods (sun drying, hot air drying, freeze drying, and infrared drying), and the quality characteristics
and antioxidant activity of the dried bitter melon were determined to improve the utilization of bitter melon as
a food. The freeze-dried bitter melon had the highest soluble solid content (1.27 °Brix), and reducing sugar content
of dried bitter melon was 220.33-247.13 mg/100 g. The pH and acidity of the dried bitter melons were 4.38-4.79
and 0.60-0.69%, respectively. The total amino acid content of the freeze-dried bitter melon was the highest, and
the content of arginine, which has a bitter taste, was the highest in all the samples. Hot air-dried bitter melon
had the highest polyphenol content, while the flavonoid content was the highest in infrared-dried bitter melon.
However, there was no significant difference between the different drying methods. Antioxidant activity was
significantly higher in hot air drying and infrared drying than in the other drying methods. Thus, freeze-dried bitter
melon had superior physicochemical characteristics while infrared-dried and hot air-dried bitter melon had high
antioxidant activity. Therefore, a proper drying method can be selected according to the requirement either as food
materials or for processing of bitter melon.
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B 280 A& o F(Momordica charantia)= 2016
U s oA 83t Gul & iR o E ek
ZollA FhstReH, MHS T 1 cme] FAZ FLsHA
T 7y Az ol whel Az 2hzhe] whH o
2 Az" oFE= EH7]IKA All basic, IKA-Werke
GmbH, Staufen, Germany) & A}-8-3}¢] 40 mesh® 2| ¢
% olslely B4 BN E AlEE AFEEHTH

T oy
o3 duflE AL Z(sun drying, SD), & %7 Z(hot-air

drying, HD), 29|17 Z(infrared drying, ID), 21 %
(freeze drying, FD) W& o]-&-3t] A= JTh Az

= Y ol &sto] g oA 3P Az oH,
Y ¥ 72+ hot-air dryer(IRD-250, Woori Sci, Pocheon,
Korea) & AH8-3to] A 9)d-& 25dkA] 942 Jel= 55T
SEolA 1447 A xsE o, A9 H = infrared
dryer(IRD-250, Woori Sci)E AF&-3ke] 55TClA] 8AI1ZF 2
zZ3t9 . B2 XL freeze dryer(SFDSMI2, Samwon,
Seoul, Korea)E AF&-3le] 71z28kAT) olu] zZ AZE9
HFTEgEFol T ETF10% olshe] 2 wWriA| A

FEIFL A FEZH 7| (HG53, Mettler Toledo,
Greifensee, Switzerland)E ©]-§-3t] 578+ th pHE Kim
5318)] Wil wet A7 3 gl FFS 30 mLE 7}g
% homogenizer(Nissei AM-12, Nohonseiki Kaisha Co.,
Tokyo, Japan)= 10,000 rpmel| 4] 1027} wlajste] 20Tl A
2417 W2 & o 3}sle] pH meter(Toledo Gmbh HGS3,
Switzerland) & ©] &3l SH st oH, 4PiEe A8
5 g #3 50 mLe] SF/TE 7}t ¥ homogenizer(Nissei
AM-12, Nohonseiki Kaisha Co.)Z 10,000 rpm®l| 4] 10%&-3+
npafate] 20X 3417 WA & ths ol Fsto] 0.01 N
NaOH= A% sl 2H|¥ F& citric acid® $HAF3ISIT

7423 13 IS Kim S(18)] el F3l A=
30 mL 7}gt ¥ homogenizer(Nissei AM-12,
Nohonseiki Kaisha Co.)= 10,000 tpmol|4] 1057} nlafs}o]
20CoAA 2413 2] - of sl FEAIN-1a, Atago Co.,
Tokyo, Japan)E ©]-&3t] 573131
A ek dinitrosalicylic acid(DNS)H ol whet A1
STk =, AR 1 g 50l (vw)e] SRl Edsto]
Sonicator(2210R-Dth, Branson yhasonic Co., Danbury, CT,
USA)E ©]-&3ate] 3037E F+Z3FAth 4C, 8,000 rpmel| 4]
205-5<F YAl #-2](Supra-21K, Hanil, Incheon, Korea)3d}<]
de BATAE SHTE °83td 50 mLE 3 &5Hith
i

Al N 1 mL%} dinitrosalicylic acid(DNS) A] 2+
I mLE 91, = 294 108 &<t TEAIA F-2olA
Zwo] WAAIZ v S/ 3 mLE ¥ o] 550 nmellA]
FHEE 23950 o 84

g2 glucose(Sigma-
EFEAR slo] 24
g Ao 2 HE gHtstith
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weloto| ¢t B &4

frejol it 48 Ala5e S99 3 S S A
ANE FEHI 2 PH o R FESt] ARRSIITE S,
sonicator(2210R-Dth, Branson Yhasonic Co., Danbury, CT,
USA)E o] &3l 2 & dAEed e ¢3S
0.45 UL membrane filterMilipore, Billeria, MA, USA)Z ©]
2}gF T amino acid analyzer(I.-8800, Hitach, Tokyo, Japan)
2 M5k

o

=

=
FEoIA o|F FZFEE filter paper(Whatman No.l,
Maidstone, England) & ] ¥}3}31 533 & TAH % &%)
om, AxH FE2ES TP, St o= B 3k}
44 S48 ABEE AREEHUTH

ZolgEs ¥ Zei2ro|s B2 X

Z2)vE g2 Dewanto 5(19)9] ol whet oS
FZ%E 100 pLol| 2% sodium carbonate 2 mL¥} 50%
Folin-Ciocalteu reagent 100 L& 7}g+ & 720 nmol A 53
T2 243813 o, gallic acid(Sigma-Aldrich Co.)¢] 7 2
Ao oJete] ks AEStAT

Z gt o]l = 3EFS Abdel-Hameed(20)2] HFH ol whah
=331t 5, A& 100 mLol| 5% sodium nitrite 0.15 mL-<
78k & 25T 6837 W3k th2 10% aluminium
chloride 0.3 mLE 7}Fato] 25CllA] 583t WA 8ttt tha
1 N NaOH 1 mLE- 7}8}aL vortex’goll A 71gF & 510 nmoi| 4]
EB =S %359 2 rutin hydrate(Sigma-Aldrich Co.)<]
FAel ot e A=Ak

i

DPPH 2zt 2AHEH

DPPH &) Z A2AZA S Jang 5(21)2] W ol 2l sto]
AFsith ogkE FEE 02 mLel 04 mM
1,1-diphenyl-2-picryl-hydrazyl(DPPH) €9 0.8 mLE- 7}3}
o 10%3F WA thy 525 nmol|A BB =A(UV-
1650PC, Shimadzu, Kyoto, Japan)Z ©]-&38}o] 4 we] ¥
5l2 =739 2™, DPPH radical scavenging activity(%)=
100-[(absorbance of sample/absorbance of control)x100]°]
ool BHEE 1259

ABTS 2izt 278y &3

Az F &g FEE2] ABTS g &2AZ/44L Oh
522)9 WHel wWg 74 mM 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt(ABTS)
9} 2.6 mM potassium persulfateS &35} A2 - 4ol A
24713 B WAEe] Bri2S PAAI7 e A A

ol ABTS &5 732 nmell A &3%=7} 0.700+0.0300] ¥ %=
= phosphate buffer saline(PBS, pH 7.4)% 3] 8}o] Al-8-3}
Aok 3]AE 84 950 Lol FE= 50 ILE 7kete] kel
A 1087 WREAIZ B 732 nmell M SR EE SAEkl o
AlAH2] ABTS radical scavenging activity(%)=100-[(absorbance
of samplefabsorbance of control)x100]°l 2]3le] BH =&
AhEskATh

selz &3
AxeF oghe F280] B4 Oh 5229 Bl

w2} A& 1 mLoll 02 M phosphate buffer(pH 6.6) 2.5 mL2}
1% potassium ferricyanide 89 2.5 mLE 7}&F & 50 Col|A|
3087 WHSAI AL th5<ll 10% trichloroacetic acid(TCA)
S 25 mLE 718k F 1,650 xgoll A 1083 YA R &)
o, A&H 25 mLol| 7 2.5 mLe} 0.1% FeCl; £
0.5 mLE 7}t & 700 nmol|q FF =S =45 Th

EAIX2

Ffrejotnl it 23 E A9 BE AP 33 vk
o= gPsto] P FFHAR JERNA L, o4 A
S version 122] SPSS(Statistical Package for Social
Sciences, SPSS Inc., Chicago, IL, USA) software package
program< ©]-83}] p<0.05 4|4 Duncan’s multiple
range testE Y3}
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t7} 9.85%, 5.04%, 5.36% X 7.69% =

o] Aoz 7P =okth ES T
o FFS Blon, iz
Aol gl Ao ® Yehyith 7184
27 °BrixZ 7H4 =keH, A
FFAxe} Ao xE 112 °Brix
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Table 1. Physicochemical properties of Momordica charantia according to different drying methods

. ) Moisture Soluble solid content . ) Reducing sugar content
Drying methods content (%) (Brix) pH Titratable acidity” (%) (mg/100 gdry weight)
SD 9.85+0.26" 1.26£0.06™ 457+0.02° 0.63:0.02° 280.4849.19"
HD 5.04+0.01° 1.120.12 4.62+0,04° 0.61£0.03" 22033+4.72°
3] 5.36+0.29° 1.27+0.18 4.79+0.03° 0.60:0.01° 247.134587
D 7.69+0.30° 1.12+0.06 4.3840,06° 0.69+0.03" 231.4548.78°

USD, sun drying; HD, hot-air drying; FD, freeze drying; ID, infrared drying.

2

@

Values are means+SD of triplicate determinations.
Different superscripts within a column indicate significant differences at p<0.03.
Not significant.

4
5)

L7z pHE 457 €339 pHE 4.62, 52139
pHE 4798 2% vt pHE YERAITE A4 es 29
AAZ7F0.69% = oA o' 7P wshom, Addx
0.63%, @E1Zx061% 2 24X 060%= HdAAzx
9] BE AlRAAME FAQ Aol 7t It Ozdemir 5
(25)& SATAY ofF2] pHe AP LS 243 A,
pHE 4.104.46, A EE 0.110.16%2) Y= = HA
U B3tk 523k Abdullah®} Anna26)= 55 £54
A E A F st pHel APANEE S 23, pHet
AR A= 247} 4.86-5.20, 1.43-2.00%2] W2 UEbgTh
Dipali Dhotre 5(27)2 A4z 9 7fujulAdzd of F2]
AR eE S 23, 242t 1.10%9 0.80% = K 315}
A2 v3)] w2 & Bt o9 2ol of 39
pHeF AT OhE AL F5 2 Al ] e JeF
oz de

Azl e Az o3| gy e ALz
280.48 mg/100 g, FA71 3 247.13 mg/100 g, AL A%
231.45 mg/100 g, BF71 3 220.33 mg/100 g© 2 YESITH
&0 HZ AFHE T AT TS S A, H4
7} 1.04%00 A k&rke] A9 1.37%<] Y2 Jept 2
A2z Hlg tha = S EHATH2S). WEFAxE,
Tz 2 Az g3 dxH Fo dd g
16.5-17.1 mg/100 go| M2 &Aoo WEAx7F A
Azl vl frojd oz w2 T FFS YeR
(28), ¥ A2} T zlo]E Btk dubH o g 2hel
G EFE AxAFY F4 F AR IS FE TR
aglolw Y o] S5 B EAA ZAAnke

E2150] Alo] Zojzitka Ft).

£

[

ool At B
Az w2 Az o5 ofnliil ¢S ¥
ATHE Table 29 2t} F ofnwate] dHte 54
Z

)
Titratable acidity was expressed as percent of organic acid calculated as citric acid.
)
)

% 1,083.37 mg/100 g, FFA % 1,007.78 mg/100 g2 =45
of FAAE Al 7P #& opv| x4t FEFE VeI
o A theket Wb o R Axsle] felolu|ite]
= 5788 A7H29), A5l ]3] TAZE A frE]opn]
SF ATt 7V Asken, A3 x Al
A Vet & AFATet Aotk =
frelou|gke] ek 7k Mg o) o8] o)
£43 7 Baol] og Ao BHuslgth9). Ax
o] gepotn| gt e Ao xrt 7Y =3k,
o7 dFAx, $AAZ, LAz o2 Yehhd
t}. | Frofu]ieAte] Shepe BAZIX 776.86 mg/100 g
2 74 =okom, AUAZ 679.69 mg/100 g, A A A%
608.50 mg/100 g, EF71 3% 570.18 mg/100 go 2 =3 =3
o} opu|iest 24 F 2uks UEhitka 91X arginine©]
FHeFo]l AFEZ 361.99 mg/100 g A HAZ 343.89
mg/100 g, HAHZ 296.42 mg/100 g, TAAZ 279.31
mg/100 g2 - =L FhE BTk o] o F 22ute] glo]
% sh7t =& arginine 3ol| 7]Q1ske A o® At Th

s
o r

1
A

ol

282 do > MK
oZil‘-‘a
o S

mo N

T Az FelMe dFA27E 7P =2 arginine
TS Uehdo] 4328 ofFo] &ute] & Aow
Azt

Frelopliite A EA Y] AR, vhe W

© 83 A&t felobnihe 2H 8| (aspartic
acid, glutamic acid), ©97|(threonine, serine, glutamine,
proline, glycine, alanine, lysine), “12]3l 257 (valine,
methionine, isoleucine, leucine, phenylalanine, histidine,
arginine), & 3}3H&3} ¥ 523k Ul(cysteine, methionine) &=
ERE7I= 2eh30). webA o7 freloln it 5 Bt
570l met EFate] vehd 2 3= Table 33 2tk 14
SHMSG-like)2] 7% HL71Z 171.34 mg/100 g, 52471
138.44 mg/100 g, A LA 712 49.48 mg/100 g, EF2
37.86 mg/100 g2 HLAZ A 7P =A Jeheh &
(sweet) S SA7Z 281.59 mg/100 g, A A% 222.81
mg/100 g, LHAZ 165.69 mg/100 g, DFHAZ 158.32
mg/100 g2 FAAZY} ALzl =4 JERTh

i

il
SE NN

i
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Table 2. Free amino acid contents of Momordica charantia according to different drying methods

(mg/100 g-dry weight)

Drying methods”

Amino acid
SD HD FD ID
Isoleucine 47.65%2.62 58.380.59 43.09£1.08 64.78£1.05
Leucine 62.5741.33 49.64£1.52 45.73£0.15 64.21£1.65
Lysine 72.75%1.58 51.63+2.11 44.42+0.89 63.72+2.25
Methionine 11.90£2.13 6.140.21 20.88+1.90 3.74+0.08
Essential amino acid
Phenylalanine 70.8042.63 69.28+1.38 67.37£2.58 76.26%1.52
Threonine 52.8143.01 81.29+2.96 45034235 101.31£2.89
Tryptophan 71.7840.17 52.7642.52 98.75£1.52 55.88+0.82
Valine 7412111 68.4910.52 69.740.99 85.43+3.02
Total essential amino acid 403.68£2.51 437.6043.74 435.0£2.12 515.34+1.58
Alanine 57.2844.20 43.92£1.05 140.74£1.20 69.37£1.05
Arginine 296.42+2.01 361.92.11 279.31£1.85 343.89+2.95
Aspartic acid 60.75£2.62 33.4241.01 92.56%1.25 42.5613.56
Glutamic acid 110.59£3.22 4444051 45.88+2.56 6.92+0.58
Non-essential amino acid
Glycine 17.44%1.50 7.54+0.28 26.42+3.12 12.74£1.11
Histidine 46.69+0.52 51724072 52.98+0.95 57.79+2.02
Serine 38.1642.10 25.57£1.55 69.40£5162 39.39+2.89
Tyrosine 52.3611.62 35.5841.56 69.57+1.25 35.844325
Total non-essential amino acid 679.69+1.85 570.1842.10 776.8610.35 608.50+1.85
Total amino acids (g/100 g-dry weight) 1,088.37+2.89 1,007.78+1.85 1,211.88+2.78 1,123.8441.96

YSD, sun drying; HD, hot-air drying; FD, freeze drying; ID, infrared drying.

Table 3. Free amino acid contents of Momordica charantia
according to taste characteristics

(mg/100 g-dry weight)

Taste Drying methods”
characteristics” SD HD D D
MSG-like 171.34+2.85 3786345  13844£2.55  49.48+2.52

Sweet 165.69£1.89  15832+144 281.59+152  222.81£2.02
Bitter 573574125  666.02£1.08 634.76+2.85  687.20+1.02
125114285  8721+2.82  113.99:0.89  99.56+0.85

DMSG-like (monosodium glutamate-like), Asp+Glu; Sweet, Ala+Gly+Pro+Ser+Thr;
Bitter, Arg+His+lle+Leu+Met+Phe+Pro+Trp+Val, Tasteless, Lys+Tyr.
28D, sun drying; HD, hot-air drying; FD, freeze drying; ID, infrared drying.

Tasteless

¢

221k (bitter)S 2 2171 27} 687.20 mg/100 g2 7MY &
#He Yehllon, 93 % 666.02 mg/100 g, TAUE
634.76 mg/100 g, AL 7% 573.57 mg/100 g& == At
ol/dd} o] BE AN o= wut e NS
U= opuhidlel] vlgl] Zuts Ul ofnliike] ghigo] ull$-
Eos & T ARk 53] Adix Al 29k U o]
kel gheFol mf-f- Eol o] Zuts AAaA]717] #%
2o 2 nigbAElA] Rek Zo 2 ket vhAE A

=
Fal

gl ZglErolE gatk

2 AF e FE2E] v 9 &
S =33 A7+ Table 49 2t} Z2)9)
< ALz, d¥Ax, $EAx B Addz
Al 247} 2.75 mg GAE/g, 3.40 mg GAE/g, 2.83 mg GAE/g
313 mg GAF/go & 312 Al 7HE =& g8 B9

k)
o
Oﬁiggﬁ M
1 ok
ng’té
ol &

=1}
=
ot Aozt FoA< Aol gl EepE o=
Fge AYNZE, A2, FANZE 2 ANz} 7

3
7} 1.45 mg RE/g, 1.54 mg RE/g, 147 mg RE/g 2 1.65
mg RE/gC. = AN %7} 71 =& 2 Uehlislev
Azxgo] M fo4<l tol= fUATh AsTAE o
o Zejus S ST 23, A A5 2848
mg GAE/100 golalemn, HAzxie]l 7% 224-336 mg
GAE/100 go.2(26) & A7+Z2Ze} fAlekdt v
Ozdemir 5(Q25)< oI5 AXE Zdds IFe

15

flo rlo

5.62-825 mg GAE/g® H.i13lo] B ol 172 3}o)| 13|
TS Btk e Cha 531 o590 MEE FE5E

=
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o

e Eousd StE el = ko] 747} 3.82% %
222%™, Ax2AF g 27} 624 mg 2 3.62 mge]
e SHE ol B8 FHata flof, B AFA T
Hle ta 52 S Bk 59 Zelds A &
catechin, P-comaric acid, tannic acid, ferulic acid, galic acid,
caffeic acid &= 77+ g4kt B3 Qe Ao = delA
ATH32,33). AEL S e o R HXRAA A2
B FE2d0 s TS I3z 9@ $241x A
ez Hlal frolHor E3kom(p<0.05), etk

= 3he dEdat A3z ¥ s2 Az g fro
Ao R e s Ueho(3), & A7ATe} tha Alo]
£ BEAth RHH, KimY Lee(35)E & 11 Al E3dx9}
AAET 75 EelulE e ARl Aol7t glle
™, AL x ¢ %o Zejus ko] 7P wrta Bast
of B A7d3tel Z3kth o] gf o] HA x| o3k £
dize] e ke o] gfgtor Fejvize] Ake w3
o] Zad Aoz Husiich

[¢]
-

Table 4. Total polyphenol and flavonoid contents of Momordica
charantia according to different drying methods

Drying methods" Polyphenol (mg GAE”/g)  Flavonoid (mg RE’Jg)
SD 2754003 1452001
HD 340£0.19° 1.5440.16
FD 2.8310.04° 147+0.08
D 3.13£0.20° 1.6540.15

USD, sun drying; HD, hot-air drying; FD, freeze drying; ID, infrared drying.
'GAE, gallic acid equivalents.

'RE, rutin equivalents.

"Values are meanstSD of triplicate determinations.

IDifferent superscripts within a column indicate significant differences at p<0.05.
9Not significant.
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Fig. 1. Antioxidant activities of Momordica charantia extracts with
different drying methods.

A, DPPH radical scavenging activity; B, ABTS radical scavenging activity; C, reducing
power.

Values are meanstSD of triplicate determinations. Different letter at the same concentration
indicate significant differences (p<0.03).
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