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Lutein, B-Carotene, and Polyphenol Contents of Sweet Potato
Leaves under Different Extraction Conditions
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ABSTRACT This study was carried out to determine the simultaneous extraction conditions of functional components
(lutein, B-carotene, total polyphenol, flavonoids, and phenolic compounds) from sweet potato leaves and to evaluate
the antioxidant activities. Extraction conditions included different ethanol concentrations (1st extraction: 99.9% ethanol;
2nd extraction: 50~90% ethanol) and times (30, 60, and 90 min). The highest values of lutein and B-carotene content
were obtained by the 2nd extraction at an ethanol concentration of 90%. The extraction yields of lutein and B-carotene
decreased with increasing extraction time. The maximum polyphenol, flavonoid, and total phenolic acid contents and
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and 1,1-diphenyl-2-picrylhydrazyl radical scavenging activities
were 32.3 mg gallic acid equivalent/g, 17.0 mg catechin equivalent/g, 2,842.6 mg/100 g, 17.0 mg ascorbic acid equiv-
alent/g, and 1.94 mg/mL (ICso) at the 2nd extraction with an ethanol concentration of 60%. The optimum extraction
conditions were as follows; ethanol concentrations of the extraction solvent were 99.9% (1st extraction) and 60%

(2nd extraction), and extraction time was 30 min.
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Table 1. Extraction yield of sweet potato leaves with extraction
numbers and ethanol concentration

Ethanol concentration (%)
2nd extraction

- Extraction yield (%
1st extraction y (%)

50 20.0+0.1*1?
60 19.3+0.6°
99.9 70 17.0+0.8°
80 14.5+0.5¢
90 8.3+0.2°

1)Each value was expressed as the meantstandard deviation (n=3).
?Means in the same column with the different letters are sig-
nificantly different (P<0.05) by Duncan’s multiple range test.

sto] ZF AT AW B-ARE AEsta A 1Y
aFo] F%E one-way ANOVA(analysis of variation)®

243 & Duncan’s multiple range test® o] &3} X

0.05 oA oS AASIATLT

Za o na
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et Fo w2 1yl o] & 5~§-2 Table 17
2o 12 5 F 2% FF A FEE09 dEE s
e} & 52 8.3~20.0% BHAL 23} & A FEE
vjo] dehs FX7t ol whet 7HAslgl=dl 50% of gt
Z FEAA 20.0%2 7FE E 5 &S HloH, 90%
Sl A= 8.3%% YA ekl ol g At AR R
HE A e FEE 7“-r |9 011%% FLo gk
S @o] Bom 50~70%9] FEdAA F=F &0 7MY =%
thal B31(20)8 vlef o] agtul o X84 A 9o

m

T84 4ol UF EAsH7] "]t
Oo|Et2 sE0| M2 lutein2t f—carotene
2yZ} o] FEFZ 7oA lutein} B-carotene
29t o, FEL P u7n o FEE
23:e Fig. 1A%} Zt}. Lutein 2 12 5 A 203.9
pg/gelR o, 221 & Al AL o wel z+zk 234.9,

Table 2. Lutein and fB-carotene contents of sweet potato leaves with extraction numbers and ethanol concentration of extraction

Ist extraction

2nd extraction

Ethanol concentration (%)

99.9 50 60 70 80 90
Lutein (pg/g) 203.9+0.9" 32.3+1.9 475+1.5 52.242.4 56.7+0.5 56.4+0.9
Total (ug/g) 234.9+1.6"  249.443.4°  2559+4.7°  261.8+1.2°  262.7+2.3°
Extraction yield (%) 60.4 69.7 74.0 75.9 77.7 77.9
B-Carotene (ug/g) 128.542.1 ND” 6.6+0.0 10.4+0.4 20.0£0.5 21.7+0.4
Total (pg/g) 126.7£1.5°  136.4+0.8°  141.0£1.3°  145.7+#1.9°  151.542.0°
Extraction yield (%) 55.1 573 61.7 63.8 65.9 68.5
. Lutein (pg/g) 337.7+5.7
Raw material o . otene (ug/e) 233.443.9

1)Each value was expressed as the meantstandard deviation (n=3).

Means in the same row with the different letters are significantly different (P<0.05) by Duncan’s multiple range test.

ND is not detected.
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Fig. 1. Representative chromatograms of standard mixture (a), 60% ethanol extracts of sample (b), and 90% ethanol extracts of
sample (c). (A) Lutein and B-carotene, (B) Phenolic acid peak. (1) chlorogenic acid; (2) caffeic acid; (3) p-coumaric acid; (4) ferulic
acid; (5) 4,5-dicaffeoylquinic acid (4,5-diCQA); (6) 3,5-dicaffeoylquinic acid (3,5-diCQA); (7) 3.4-dicaffeoylquinic acid (3,4-diCQA).

249.4, 255.9, 261.8 & 262.7 ng/gl. 2 FEgvj|o] ot
=7t F74el wet Srtekel o, lutein®] FEES
7o) FEFEAA 69.7~77.9%Ath. 23 & A &
mje] ol gk F=7h Fobl whel S7FsAAIRE 80% ol
A= Z ztolE YERA] &9kEt], ol Heo(21)S] AT
A& =2} 29 lutein FHLS 80% o EFS A ZF7}sttt
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AT} Lutein 42 7FEE ko] =19 A<l AT SR
H=A38 wr f718uiel 57] 47] witolzt At
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Table 3. Antioxidant activity and antioxidant components of sweet potato leaves with extraction numbers and ethanol concentration

Ist extraction 2nd extraction
Ethanol trati 9

anol concentration (%) 99.9 50 60 70 20 90
Total polyphenol (mg GAE/g)" 243+0.1  255+02  20.7£02  14.1+0.1 7.740.1
Total (mg GAE/g) 6.8+0.1” 31.120.1°7  32.3+0.2°  27.6+0.2°  21.0+0.1°  14.5+0.1°
Extraction yield (%) 87.2 90.6 77.4 58.9 40.7
Total flavonoids (mg CE/g)z) 14.1+0.2 15.840.0 13.2+0.1 7.6£0.0 4.5+0.0
Total (mg CE/g) 1.2+0.0 15.340.2° 17.0+0.0° 14.440.1° 8.8+0.1° 5.6+£0.0°
Extraction yield (%) 78.8 88.2 74.7 45.6 29.0
EDA (ICs), mg/mL)’ 21.2+1.1 229+0.17°  1.94+0.10° 2.68+0.13° 3.88+0.10° 7.42+0.15"
AEAC (mg AA eq/g)” 5 340.0 13.6+0.1 14.8+0.1 11.9+0.1 8.440.0 5.420.0
Total (mg AA eq/g) R 15.8£0.1°  17.0+£0.1° 14.3+0.1° 10.7+0.0° 7.7£0.0°

Total polyphenol (mg GAE/g) 38.7+0.9
Raw Total flavonoids (mg CE/g) 18.8+0.2

material® EDA (ICsp, mg/mL) 1.58+0.02
AEAC (mg AA eq/g) 19.2+0.2

1)GAE gallic acid equivalent.

JCE: catechin equivalent.

EDA: ICso of electron donating ability (EDA) by DPPH assay.
YAEAC: L-ascorbic acid equivalent antioxidant capacity.

)Raw material was extracted by 70% ethanol.

Each value was expressed as the meantstandard deviation (n=3).

?Means in the same row with the different letters are significantly different (P<0.05) by Duncan’s multiple range test.

dEere Fx¥=E zZ+zF 15.8, 17.0, 14.3, 10.7 2 7.7 m chlorogenic acid 5°] t& 3750 Ut} F=80]2 o
AA eg/gellem, DPPH &t Z &2A %2 FAFSE 76'6(}2 B 5ol mE a7l ¢l Jﬂl‘*}/] g WstE 543
YERN AT Woo 5(25)9] AFeAE A3 FEE9] A= Table 48} Zow, EFE2 2 170} 9 FEE
ABTS &ttt 27158 FE8v9 %71 B2 9FS v g Z2rtE 23S Fig. 1B 2t} Chlorogenic acid,
A A TFER 90% ol et FEAA T W TS caffeic acid, p—coumaric acid, ferulic acid, 4,5-diCQA,

60%2] oﬂ B oA 71 B F96 mg AA eq/e)S 3,5-diCQA 2 3,4-diCQA 5 7E9] ate] BEHTH
e S 3L, Jang 5(26)2] 47 ?F%‘j«] Ze9E ?:aok 2y Zyo] #Eat e AEhE Fo) 93 foj¥ oz Jgk
o] =&4E ABTS gtz 27 % =9 S W= Ao = eyt Chlorogenic acid 32 70%

T Ayel= FAFSF T EE?_, Yoon g 27)/] ‘tv"/'q' —7;“% A ErE F=oA 1,517.8 mg/100 g 2 7H =& ke
Z700| Farzl dAde] A9 oleke Fko) s A J el e, caffeic acid, p—~coumaric acid ¥ ferulic
< B dvkes Hae) 71:—_1—% FE ‘/}E}LHC”E} acid, 4,5-diCQA ¥ 3,5-diCQA 2 60% ol B2l A
7+7} 66.5, 6.1, 89.5, 225.3 ¥ 845.5 mg/100 go. & 77

FEZ0H2| oIEES sZof ItE H st 2 T2 S U F o eE wxt SUHEe we hAas)
ek Qe #HEmA S3ERE caffeic acid®t quinic = AFgES YA wekA F dsit 3 1A FE2S
acid?] ol=HZ A3 FH <l chlorogenic acid®} iso- 99.9%, 22} FEE o2 =7} 60~70%NA F= A

Table 4. Phenolic compound of sweet potato with extraction numbers and ethanol concentration

Ethanol
concentration (%)

Phenolic compound (mg/100 g, dry basis)

1st 2nd Chlorogenic Caffeic -Coumaric  Ferulic . . .
extraction extraction aci%l acid P acid acid 4,5-diCQA  3,5-diCQA  3,4-diCQA Total
50 1,425.142.49 623+1.5°  6.0£0.0°  79.343.8° 211.2+8.6"° 495.8+10.5° 133.4+3.4° 2,413.0£9.3°
60 1,458.343.3°  66.5£3.9° 6.1£0.0°  89.5:1.0° 225.3£0.3° 845.5+25.6° 151.545.7° 2,842.6+24.9"
99.9 70 1,517.843.1*°  55.543.4° 6.020.0°  78.042.0° 186.8+0.9° 781.3+17.8" 197.443.8" 2,822.7421.0"
80 721.4+1.4%°  393£1.0° 3.2+0.0°  70.8%1.7° 174.4+£3.6° 516.0+4.7° 136.2+2.2° 1,661.2+5.6°
90 654.3+0.3°  37.3£14° 3.1£0.1°  613+£2.5% 142.7£7.4° 318.1£10.6° 82.4+0.7% 1,299.1+6.6°

Raw material' 1,895.0+10.4  70.5+04  7.7+1.0 107.0+4.1 87.2+29 435.6+11.8 196.8+6.6 2,865.3+10.7

1)Raw material was extracted by 70% ethanol.
Each value was expressed as the meantstandard deviation (n=3).
Means in the same column with the different letters are significantly different (P<0.05) by Duncan’s multiple range test.
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Table 5. Functional component contents of sweet potato leaves by time of extraction

Extraction time (min)

Variables
30 60 90

Lutein (ug/g) 249 443 4% 232.8+1.0° 216.3+0.6°
B-Carotene (pg/g) 136.4+0.8" 127.243.4° 113.6+5.5°
Total polyphenol (mg GAE/g) 32.3+0.2° 32.4+0.2° 31.0+0.1°
Total flavonoids (mg CE/g) 17.0+0.1° 16.7+0.1° 16.5+0.1°
EDA (ICso, mg/mL) 1.94+0.10° 2.09+0.14" 2.1240.04°
AEAC (mg AA eq/g) 17.140.1° 16.2+0.1° 15.7+0.1°
Chlorogenic acid 1,458.3+£3.3" 1,283+5.0° 1,229.6+6.8°

Caffeic acid 66.5+3.9" 66.6+1.0" 68.1+2.9"

Phenolic compound p-Coumaric acid 6.1ﬂ:0,02 6.0i0.0: 5.9i0.02
(mg/100 g) Ferulic acid 89.5+1.0 107.0+4.1 84.5+£2.7

g0 e 4,5-diCQA 225.3+0.3" 207.0£10.0° 174.049.2°
3,5-diCQA 845.5425.6" 704.6+16.0° 694.7+23.6°

3,4-diCQA 151.5+5.7° 173.745.6° 194.5+4.8°

YEach value was expressed as the meantstandard deviation (n=3).

?Means in the same row with the different letters are significantly different (P<0.05) by Duncan’s multiple range test.

& YERQITE Jung 5(28)2 7w} 2 3%
gheFo] 250.3~375.7 mg/100 g fwz &-h5|
ﬂf‘smiztﬁ o & A9 Agd FF §
3 . Lee 5(29)& 24 &5 A
x4 SAT A3 % Hs
= 17} 60%7H A= S 7Fak3l 2.

2 33u) 019] lutein, B—carotene, =

o2 60% eSS 1P o 7 skar 30, 60 X 9 v‘i‘
%Atk Lutein®] &2 FEA7) whel 42} 249.
9 216.3 ng/go. 2 FEAIZto] ol wpe} 3hA }L 75‘
s Bolom, B-carotene FFE FEAIZ] et 247}
136.4, 127.2 ¥ 113.6 ng/gl = lutein¥} vlZ7IA 2 F&
AlZro] Aojlel wet FHAske g WEith
oy g A= FAo)lT AT T2 wEo] W, kA g
Aol F713F mEH o] M7 wiolet deE, o=
Gao 5(30)9] rlE]Z=25H luteing F&5 4% A7k}
Sl 9FS wE Ao Yehd A7 FAEEITH &
Z bol] whe} 72k 32.3, 324‘3—1310
7} 90.6, 90.9 ¥ 87.1%%R
Alzro] Adoj el wE} 17.0 mg/g
A 16.5 mg/g = AFE et FEA4
Z }Oﬂ w2 19tk o FEEC) oigk DPPH @)z &7 €4
2 1Cs0 B0l Z2F 1.94, 2.09 2 2.12 mg/mLE FEA| 7o)
Aol el we} Fasiion, ABTS Stz 275 A 5
EZA ko] dojHo we} 17.1 mg AA eq/gelA] 15.7 mg

AA eq/go ® FAEelth. &A1 chlorogenic acid,
p—coumaric acid, 4,5-diCQA % 3,5-diCQAE FEA|7F
o] Aol wral FFAS= AEgS B 3,4-diCQA R
caffeic acid &S 238 F7lsteE 4 &S B

OF
=4

ko

2 A5t a7k el /-5 carotenoidsH<! lutein, B-
caroteneJJr st RS afH R FAY F2T
A= WS 04?0}"’ 7y &0l ug Fikst avE ot
=2 99.9% ANEES AMESISIAL 23 =
e %Eé 50~90% 2 2747 a9t} Lu-
tein} B—carotene% 22F & g F= 90%A 2+t
77.9% % 685%% 7MY =2 FEES UHEUA I FEA]
7ol Aol w} 743} ). Polyphenol, flavonoid 2
DPPH, ABTS &0z &AL 23 & &8-S 5% 60%

oA Z+z} 32.3 mg gallic acid equivalent/g, 17.0 mg cat-
echin equivalent/g ¥ 1.94 mg/mL(EDA, ICsp), 17.0 mg

AA eQ/g(AEAC)OE 7V = ‘%E}‘ioﬂﬂ 5?%*17“] |

oA wet st T F HEit g 23 FES
ANetE 60~70%4 F& A 7HE &2 %P%L% LFER AT

A 84 A2l carotenoids®ut ofUe} o 2 A3l
S84 B4 dE5FE A F&67] YalAE 99.9%
o] o eh&S ALESte] 13} FE5S dhaL, 60% H=e] olehs
227k 5 308 B¢ F&E Al =2 FEES YERY
FERQL, vEIEY 2 ZEdE A FEHORE MY A%

g Aow A=A
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