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Analysis of Functional Constituents of Mulberries (Morus alba L.)
Cultivated in a Greenhouse and Open Field during Maturation
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ABSTRACT Contents of phenolic acids, flavonoids, and anthocyanins of mulberries (Morus alba L.) cultivated in
a greenhouse (GH) and open field (OF) were evaluated by HPLC during maturation. In the case of phenolic acids,
caffeic acid (96.37~824.00 pg/g), coumaric acid (19.45~68.23 pg/g), ferulic acid (4.50~18.66 pg/g), and sinapic
acid (15.61~29.27 pg/g) were detected. The major phenolic acid was caffeic acid, and its content increased in the
initial stage and decreased in the last stage. The phenolic acid content of OF mulberries was higher than that of
GH mulberries. Contents of two major flavonoids, quercetin, and kaempferol, were 44.17~1,661.73 pg/g and 108.67 ~
360.20 pg/g, respectively. Quercetin content decreased with maturation stage, whereas kaempferol content remained
constant in GH mulberries but increased in OF mulberries. In the case of cultivation methods, quercetin content of
OF mulberries was higher than that of GH mulberries. Contents of cyanidin, delphinidin, malvidin, and pelargonidin
were 30.43 ~6,443.88 ng/g, 0~52.10 pg/g, 1.06~1,650 pg/g, and 1.92~401.97 pg/g, respectively. Anthocyanin content
increased with maturation stage, and anthocyanin content of OF mulberries was higher than that of GH mulberries.
OF mulberries in the last stage of maturation had higher contents of functional substances than other conditions.

Key words: mulberry, greenhouse, open field, ripening stage, functional constituent

M OB oM WA= HAMALE F2 A WA 2P ol
2, dlaeEdgel g

nins, flavonoids, pro(antho)cyanidins, resveratrols, li—

21 2™ (2) phenolic acids, anthocya-

S ol A= o

2] 71# ROS(reactlve oxygen species)’} el A&
kst jES-S AAskaL, A abstaA ol A YERUE free
radlcalJJr X] A A ES AAsI A AL A E EF=
25 7HAAL oA o Y, B 95 R =5E Ad
A7l e AR FEE wa kD). H2 "4 4
Foll £H o] gl= /&@r =dE& 23ete 7154 A=
4 EEE Y o
A 2 AES

Art. EE)HE e

Received 3 August 2015; Accepted 7 October 2015

Corresponding author: Ha Yun Kim, Department of Agrofood
Resources, National Academy of Agricultural Science, Rural
Development Administration, Jeonbuk 55365, Korea
E-mail: khy0617@korea.kr, Phone: +82-63-238-3565

gnans 9 tannins 5°] UTH3).

BUE = BuUS s (Moraceae), US55 (Morus)oll 4
st AEAdo® oA HEY oA el 2x e &
¥3la 9ot o= o] BuyH o dujE anthocyanin A%
& v sk loew(4), f714 B dAlsd sk
F I R(5,6) A4S oA Aol AjuiH A

2 F7VeHE FAOITH). A= 7HA] drelzl 2
7o g gk = dAaksl duty Sol
sl 7154 AEe] 9EE FEE v gtk

o g lo
N2
sgwo{u»
RS R O A
l.mo_u[OrO{'

o
)

0

%0,
o
s

(8-11).

Bt e A ol AL e ahgs A
2 olgale] 27] Fa} W AR LS LR B
wol F7ska ek Bl Al A e 2AE
ol WA ol A e wubel B9 24 B o



A A A eYe) srle] mE Vs dE FF

ARl Ahke] 7hssk, B 9 kg o] &3t A5 U
ol w715 AT oRN 7] Arto] Thesith Al
Avis 2= vZ7b A(12) 2 #2E ek Aui13)
so] Wol AREH AL vk A Aol v FS w2
FAol AA deA = Fa aRleRe 229 FH T8
T T Uk HIE, A14) 2 57150 Agd =
Aol Al Aufeb x| Al S vl a S v ZFo] 7} glEol
B Qlal, AEel uhE o] Afoldl] ofs ele] %

R 4w 2o @ebge] RaEAtk(16). 53] Apeld el
T8 Tl mE Hol, &, B3 AF, AR 59
7I'e7d A3k Wskh B vk doh(17-20). 2H ) 4
Al Aol =2 Aujel whE 571 Vs A E RS
HI g A3h= obz] Barg vhrk Qlvk & Aol A= Al

9w AujE SUE oo R &7 EYuE, Sehne
, StEAJob o] AE deks Al QU o] &3t
& 7

1=
71578 AE Adel Wig NxARE Awstast sl

M= H

0z
T

M=
B Ao AFg3 o (mulberry)s 34 25 EF0 =
2014 79l AFEE FAA Y FrtellA AM], #5 T
FAF 24 so] A4 R wmAd A A AL FHS 5
P Z A0

# AGR PR SEd 5O A, T34, vhe Ha),
& AA, T o] $3e F AR A
o QrlE F4] ofols B A% ofo]2ubre] Yof
Wyea AP o)%, 54 AXAA BA® F 7154
B g S

Phenolic acid &t2F 241

219 phenolic acid A< Abdel-Aal¥} Rabalski
(21)9] WHS WEsle] Ultimate 3000 HPLC system
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Table 1. Comparison of phenolic acids compositions of mulberries from greenhouse and open field during maturation

Samples Caffeic acid (ug/g) Coumaric acid (pg/g)  Ferulic acid (pg/g) Sinapic acid (pg/g)
RS1V 96.37+26.63° 68.23+4.72"" 18.66+1.14"" 15.61£1.27°
RS2 434.17+17.80° 64.78+1.06" 13.22i0.97"** 29.27+3.28°
Greenhouse RS3 545.15+17.89" 24.82+0.89" N 8.01£0.96° 22.57£2.17°
RS4 539.45+10.59"" 21.15¢3.05b: 5.8111.40d* 20.76+1.55°
RS5 410.49+39.17° 19.45+1.42° 4.50+0.72° 16.07+1.15°
RS1 161.19+70.37° 33.5046.27° 12.77+1.05® 16.53+5.62°
RS2 493.75+63.66° 47.44+14.77° 14.71+0.87" 2494+ 28"
Open field RS3 617.62+74.59° 45.9142.46° 11.65+0.49° 22.61+2.48°
RS4 824.00£19.29° 37.46+1.44% 8.14+1.93° 21.80+1.44
RS5 642.58+18.04° 22.4241.22° 5.95+0.73¢ 16.15+1.53°

URS1~5 indicate 5 ripening stages of mulberries from unripened state to ripen stage.

)Values are meantSD (n=3).

MValues with Jdifferent letters in same column indicate significant difference (£<0.05) by Duncan's multiple range test.
"P<0.05 and "P<0.01 indicate significant differences between greenhouse and open field by t-test.
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Table 2. Comparison of flavonoid compositions of mulberries from greenhouse and open field during maturation

Samples Quercetin (ng/g) Kaempferol (ng/g)

RS1V 620.57+17.58"29" 108.67+1.47%"
RS2 338.6242.68"" 190.77+0.49°"

Greenhouse RS3 67.95+0.49°" 354.1043.52""
RS4 44.17+1.86"" 360.20+1.69°"
RS5 58.11£0.59°" 315.7948.16°
RS1 1,661.73+13.90° 279.91+1.98°
RS2 1,364.45+30.25" 266.82+5.99°

Open field RS3 492.29+17.88° 289.65+4.83"%
RS4 275.07+6.41¢ 305.56+0.91°
RS5 142.33£17.21° 298.02+6.91%

YRS1~5 indicate 5 ripening stages of mulberries from unripened state to ripen stage.

PValues are meantSD (n=3).

3)Values with different letters in same column indicate significant difference (P<0.05) by Duncan's multiple range test.
"P<0.01 indicate significant differences between greenhouse and open field by t-test.
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Table 3. Comparison of anthocyanin compositions of mulberries from greenhouse and open field during maturation

Samples Cyanidin (pg/g) Delphinidin (png/g) Malvidin (pg/g) Pelargonidin (ng/g)

RS1Y 30.43+4.5199" 0.000.00"" 2.10+0.20 1.92+0.09°""
RS2 458.07+5.34%" 1.47+0.15% 11.51+0.62%" 37.55+£0.23%"

Greenhouse RS3 1,445.5249.16° 5.1240.31°" 123.88+1.44°" 73.1240.43°™
RS4 4,068.50+17.03%" 14.79£0.91"" 466.35+7.04% 156.94+1.05%"
RS5 6,090.09+77.24%" 45.13+1.23" 1,358.24+37.91°" 277.94+4.50""
RS1 80.68+1.05° 0.42+0.13° 1.06£0.06° 9.18+0.17°
RS2 858.13x17.34° 2.70+0.14¢ 9.05+0.58° 62.66+1.59°

Open field RS3 3,205.17+41.44° 9.88+0.60° 154.94+3.82° 140.33+2.23°
RS4 5,043.54+35.77° 24.13+0.33° 563.85+24.94° 247.80+3.45°
RSS5 6,443.88+2.56° 52.10£1.00° 1,650.64+37.57° 401.97+1.95°

YRS1~5 indicate 5 ripening stages of mulberries from unripened state

)Values are mean£SD (n=3).

to ripen stage.

Values with different letters in same column indicate significant difference (P<0.05) by Duncan's multiple range test.
"P<0.01 indicate significant differences between greenhouse and open field by t-test.
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