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Abstract

This study was conducted to investigate the nutritional components and antioxidant activities of Nelumbo nucifera
Gaertner flower (lotus flower, LF) and its wine (lotus flower wine, LF wine). The moisture, crude protein, crude
fat, crude ash, and carbohydrate contents of the LF were 85.90, 1.91, 0.30, 1.04, and 10.85% respectively, and
of the LF wine, 92.87, 1.70, 0.30, 0.15, and 5.17%, respectively. The total amino acids in the LF and the LF
wine were 2,168 and 6,341 mg/kg, respectively. Palmitic acid (38.63%) was a major fatty acid in the crude fat
of the LF, and oleic acid (76.24%) was a major fatty acid in the crude fat of the LF wine. The levels of potassium
in the LF (390.91+£9.60 mg/100 g) and the LF wine (27.40+1.86 mg/100 g) were higher than those of the other
minerals. The total phenol and flavonoid contents of both the lotus flower water extract (LFW) and the lotus flower
ethanol extract (LFE) were higher than those of the LF wine. In addition, the highest antioxidant activities and
ORAC values were obtained from the LFW and the LFE. In conclusion, we found that the LF and the LF wine
have potential as natural antioxidants due to their higher bioactive compound contents such as their total phenol
and flavonoid contents.
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Table 1. Proximate composition of lotus flower and lotus flower
wine

Crude ash Crude Crude fat Carbohydrate‘w
(%) protein (%) (%) (%)

LFY  8590+025" 104+004° 191+002° 030001 1085
LF wine” 92.87+0.32° 0.51002 170001 0.11:0.01 517

LR (lotus flower)

LF wine (lotus flower wine)

IValues are meanSD

Total Carbohydrate: 100-(moisture+crude ash+crude proteintcrude fat)
"Student’s t test (P < 0.05)

Moisture (%)

1.70%, =AW & 030 2 0.11%, &3k I
10.85 B! 5.17%°10tk. A3} B A5} opp]igt AL
Table 29} 20|, A8}9] & o] =2t gHakS 2,167.7 mgkg
ol Fg opH]=ike FVIF O R histiding A2 ¢
valine, leucine, isoleucine, threonine, phenylalanine, lysine,
methionine & tryptophane 2] &3] 484.9 mg/kg .2 |
opw|=it FHeFe] oF 224% 5 AHAISATE At At
% oAt L 6,315.2 mg/kgo] L, D obm] =it
SheF2 1,714.1 mgkg o2 A opw|=2b Fhake] oF 27.1%
2 Yehgtth gH, opv| =4t Foll A glutamineo] A3t 3
Az} 72+7F 603.6 mg/kg, 1,410.1 mg/kgl 2 7+ ol
g0} ATt A3}= asparagine, serine O 2 §0]
=301 arginine ¥ glycine 52 V& $-HE Z2oE UE}
ot Wb, A3l glutanime UH2-C.F arginine, leucine
O 7 =2 TS WO cystine M| E v kS
BT

Azl g Ao /% fructose, glucose, sucrose,
lactose, maltose ¥ sucrose?] 2|9 S A3 A=

Table 2. Amino acid composition of lotus flower and lotus flower
wine

Amino acid LF” (mg/kg) LF wine” (mg/kg)
Aspartic acid 15299.9” 275.7+6.2
Glycine 15912 207.6+7.5
Alanine 69.0+2.5 464.316.6
Valine 1273123 2682199
Leucine 65.0£1.7 495.5+16.7
Isoleucine 519430 186.3+8.0
Serine 213.916.6 202.346.1
Threonine 114.0£5.2 1243437
Tyrosine 299+2.8 316.816.9
Proline 743142 401.5+18.0
Arginine 17.143.1 651.0+20.9
Histidine 785135 144.6+0.5
Cystine ND” 252444
Phenylalanine 32.7+04 387.7£16.5
Lysine 68.1+0.6 466.6+11.8
Methionine ND 109.248.8
Tryptophane 259+0.1 64.0£1.1
Asparagine 077125 1413436
Glutamine 603.6+29.8 1,410.1£334
Total amino acid 2,167.7 6,315.2
Essential amino acid 4849 1,714.1

LF (lotus flower)

LF wine (lotus flower wine)
Walues are mean+SD

“Not Detected
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Table 37} 7o), A8}l & fructose”} 0.14 /100 g EHr=] o]
AL glucose= 0.09 g/100 g 5] U2 M lactose,
maltose ¥ sucrose™ A& A ZShth v, A3l =
glucose 1.85 g/100 go] Ef=o] U2 ™ fructose, lactose,
maltose F sucrosev HEF A 23Ut} Table 4= A3} 2
Aslgo] AWk 2402 A= palmitic acid(C16:0)7}
oF 38.63%% 74 =3kal, linoleic acid(C18:2n6c) 2
eicosenoic acid(C20:1)= 2+t <k 26.96%, 21.11% = x}A]5}
Atk WA, Astao] At 2 oleic acid(C18:1n9¢)7F
ok 7624%2] HISE 7P 2ol 3HrEo] AN linoleic
acid(C18:2n6¢c) = 13.50% 2] Hl-&= A AWt FollA] &
EspA ko] ko] oF 89.74% = vwig- &Skt
5714 gHeK(Table 52 A3}ol| A Ko] 39091 mg/100 g©
2 7F8 Bol el AL, Ca(131.27 mg/100 g),

Table 3. Free sugar content of lotus flower and lotus flower wine

LE” (g/100g) LF wine” (g/100g)
Fructose 0.14£0.01” ND”
Glucose 0.09+0.01 1.85+0.01
Lactose ND ND
Maltose ND ND
Sucrose ND ND

LR (lotus flower)

'LF wine (lotus flower wine)
"Values are mean+SD

'Not Detected

B oW o

Table 4. Fatty acid composition of lotus flower and lotus flower
wine

Fatty acids LF (%) LF wine” (%)

Lauric acid (C12:0) ND? 0.10:001”
Myristic acid (C14:0) ND 0.22+0.04
Palmitic acid (C16:0) 38.6340.29 8231041
Palmitoleic acid (C16:1) 5.870.06 ND
Strearic acid (C18:0) 2.5440.57 1.71x0.02
Oleic acid (C18:1n9c) 4.89£0.05 76.240.54
Linoleic acid (C18:2n6c) 26.9610.51 13.50+0.39
Eicosenoic acid (C20:1) 21.11+0.35 ND
Sub total 100.00 100.00
Saturated fatty acid 41.17 1026
Unsaturated fatty acid 58.83 89.74
Monounsaturated fatty acid 31.87 76.24
Polyunsaturated fatty acid 26.96 13.50

ULF (lotus flower)

LF wine (lotus flower wine)
Not Detected
"Values are meanSD

e

)
)
)

£ @

Mg(47.56 mg/100 g) =22 el AstFddl= Ko
27.40 g/100 go.= 717 Wl shrEo] AU Na(17.12
g/100 g), Mg(8.85 g/100 g) =22 YETE A%e] B
T4 S AR m4)e] ATl %] F8 77
A S Ca, K, Na, Mg, Fe <2¢] Vel Adlel= b2
S Bk @9, A3t 9 Ao {U)hk g 9
ZAS B43 Zy= Table 63 o] AdE= citric
acid(2,222.22 mg/kg)7} 7 Bol =] Ao 1

S malic acid, oxalic acid, lactic acid < 2.2 JEIGTH
" A3} lactic acid(5427.90 mg/ke)7} 74 o] g
Ho] R e H citric acid, acetic acid =22 e

Table 5. Mineral contents of lotus flower and lotus flower wine
LF (mg/100g) LF wine” (mg/100g)

Na 40.010.77 17.1240.12
131.27+5.61 467033
K 390.91+9.60 27.40+1.86
Fe 1.630.05 0.0740.00
P ND? ND
Mn 9.60£0.27 0.62£0.03
Zn 0.73£0.05 0.87£0.06
Cu 0.11+0.01 ND
Mg 47.56+1.26 8.85:0.45
Total 621.82 59.60

"LE (lotus flower)

LF wine (lotus flower wine)
Walues are meanSD

“Not Detected

Table 6. Organic acid content of lotus flower and lotus flower
wine

LF’ (mgkg) LF wine” (mgkg)
Citric acid 222222+52.28" 2,372.94£104.79
Succinic acid ND” ND
Malic acid 598.6329.61 ND
Fumaric acid 118.34£1.06 ND
Oxalic acid 318.77+15.44 ND
Lactic acid 297.4848.15 5,427.90£161.98
Acetic acid ND 688.18+65.94
Formic acid ND ND

"LF (lotus flower)

PLF wine (lotus flower wine)
IWalues are mean+SD

“Not Detected
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FZ(lotus flower water extract, LFW) % <13}
AZE (freeze dried lotus flower wine, FLF wine)2]
T F FefRieols Fs £4%F A7 Table
A3} ee FEE 2 EFFEEY F HE
% ZehHols gl gl FAAZE vl
o2 Yehgth ] 24l 5259 F HE
ZF ZYHwolE TS AT Lee 5(25)9 2ol
W2 A% 70% olerE FE=ol= o 1827 mg/gel F
HE33E 9 323 myed] F ZefR ol gafo] A3k
Thal B asle] B oA e] 13l oekeFEE9 F T
(2F 76 mg GAE/g) ¥ ¥ Z}H -0 =(20 mg QE/g)9t+=
T 210]5 Btk o] Im 526)9] Aol WH 457
OV, 29, Wi, s ¢ 2 dEE FEES
ol g3ty H5S v Ay, 7 dFFEEA 1442
ngmlAE 7P 2 % v 39S Jehidla gL s
%2(90.6 pg/ml-1), M3LAA56.4 ngml-1) 2 5=2(39.8
ng/mL-D)TO 2 Yehd A FARE o= A 9 As)
FE 7Y AJol2 By ojxn)

ohle 4N &

B
fo ok ¥ o
[TE_‘ i

WE Hf oot
PRI

Table 7. Total phenol and total flavonoid contents of lotus flower
water extract, lotus flower ethanol extract and lotus flower wine

Sample Mean+SD RSD(%)
LFW” 69,685+1,629° 234
Total phenolic_content 4 a
LFE 76,036+334 0.44
(g GAEJg .
FLF wine” 958:+4° 041
LFW 21,932+156" 0.71
Total flavonoid content b
LFE 20,163£1,149 5.70
(g QE'f)
FLF wine 376+5° 1.35
GAE, gallic acid equivalent
2’QE, quercetin equivalent
SLFW (lotus flower water extract)
LFE (lotus flower ethanol extract)
YFLF wine (freeze dried lotus flower wine)
e EhA
As} e FE=, A3l G5 FEF 2 3l 5244
& gt FAikst S okt in viro kI 37t

2 2(DPPH radical scavenging, ABTS radical scavenging,
FRAP activity, reducing power, oxygen radical absorbance
capacity)o| A 2A|STE Fig. 12 A3} oee FE5E,
A3t A FEE 2 J8F T2 x2S DPPH radical
2 ABTS radical 2452 B3 2y =2A] A3} djeke
FEE B EF FE2A A5 sAUEE vl =2
A4S JeRAAEE ©]E Jeong 5(27)9] ATolAN F HE
o] =W EFHE FEEA H2e FEERT
E2 PskeS vE A fARE 292 deEd sekE

power?] 9o % Fig. 20|49} o], A3} &S FE&
9 G5 FEEAA Aslr FAAXRE BlE) =2 ks
4S8 H o DPPH radical & ABTS radical 27459 23
o} & oFAS YEeR It SHA, radical chain reaction®]
Z2EQ 2 A4 A2 Anstel FABYR) free
radical 227155 UERHE ORAC value= hydrophobic A3+
7+ hydrophilic /<0l X5 WH3-3}7] well Aol &
3 AAE Pt S B 533 3l el Aoz
A3 FEE 2 A3 FEUFREY =4 A= Table
87 2T} ORAC value= 3} A&-E 5 2 I F5F&
ol Z}z} 2729+7.6 H 2753+2.6 mM TE/gS LfeEhA HHA,
A3}F SAAZEAE 11.5+0.4 mM TE/g®] ORAC
valueE YEPATE Feeney(28)= 43! €Y ORAC TS
°F 3,000 - 5000 ORAC A= A A)5H} 3} 2 A3l59]
AHAE AW A3te 2EfA A 258 £ Ao=E

(A)

100 +

DPPH radical scavenging activity (%)

~

B)

50

ABTS radical scavenging activity (%)

Fig. 1. DPPH radical scavenging activity (A) and ABTS radical
scavenging activity (B) of lotus flower water extract, lotus flower
ethanol extract and freeze dried lotus flower wine.

AsA: ascorbic acid, LFW: lotus flower water extract, LFE: lotus flower ethanol extract,
FLF wine: freeze dried lotus flower wine. Each bar represents the mean+SD of triplicate
determinations, n=3.

“®Means in the same column not sharing a common letter are significantly different
(P<0.05) by Duncan’s multiple test.
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Fig. 2. FRAP (A) and Reducing power (B) of lotus flower water
extract, lotus flower ethanol extract and freeze dried lotus flower
wine.

AsA: ascorbic acid, LFW: lotus flower water extract, LFE: lotus flower ethanol extract,
FLF wine: freeze dried lotus flower wine. Each bar represents the meantSD of triplicate
determinations, n=3.

“Means in the same column not sharing a common letter are significantly different
(P<0.05) by Duncan’s multiple test.

Table 8. ORAC values of lotus flower water extract, lotus flower
ethanol extract and lotus flower wine

Sample Mean=SD RSD(%)
LFW? 275.342.6a 09
ORAC values 3)
(M TE'/g) LFE 272.9+7.6a 28
FLF wine” 11.5£0.4b 36

"TE, trolox equivalent

LFW (lotus flower water extract)
'LFE (lotus flower ethanol extract)
YFLF wine (freeze dried lotus flower wine)

)
)

© N

A AT AN E AEe] FisEde T2 quercetin,
roemerin, liriodenune, leucocyanidin 53 22 &4 313t
ol 71R1gk Ao g AR UATHS), Astol] thet =4
sRtEe] B4 AEe ofF Had ul glo 3% dst &

&9 3% bioactive compound®] ¥ 24 L in vivo

Bd-S o]83 AeHIPL s olol & Ao® AlgHTh

o ot
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AT Al E dglsel gk AEEE 7128
Fataral st 9 Aslgo] YR, IS E 2 o
et mdlof A o] gitsldAd-S skt 3}
T SRS 747 8590 E 92.87%01 a1, 3% g
< 1.04 2 0.15%, =4 S 191 B 1.70%, A%
-2 030 2 0.11%, B3t 32 1085 2 5.17%°1%
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A3toll= fructose”} 0.14 /100 g FHr= o] UL A3}l
= glucose 1.85 g/100 go] =0 Ao Ak 249
A3}e} 7%, palmitic acid(C16:0)7} o 38.63% 2 71 =3k
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AZEo| vlg)] Ekon o= & i ko] Aol FAL
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