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Abstract

Nutritional and functional components, and physicochemical characteristics of mulberry fruits from Morus
alba L. cultivars, including Daejappong, Iksuppong, Daesungppong, Yongppong, Cheongilppong, Gwasang 1 and
Gwasang 2, were investigated and compared. Among the 7 mulberry cultivars examined, Iksuppong, Cheongil-
ppong and Gwasang 2 had higher contents of nitrogen free extract, total sugar and total reducing sugar, than
other mulberry cultivars, while contents of protein, fat, and fiber were lowest. Gwasang 1 and Daesungppong
had the highest content of total phenolic, total flavonoid, and total anthocyanin. Daesungppong, Gwasang 1
and Gwasang 2 had higher contents of C3G and C3R than other mulberry cultivars, although C3R content of
Cheongilppong was the highest. Four flavonoid contents varied among of 7 mulberry cultivars. Contents of
two major flavonoids, rutin and quercetin, were the highest in Gwasang 2, while Iksuppong and Cheongilppong
were the lowest. Contents of piceid and 4-prenylmoracin were the highest in Daesungppong and Cheongilppong,
respectively. Cheongilppong of mulberrys had the highest content of GABA. Iksuppong and Gwasang 2 with
moderate weight and dark color had higher contents of total soluble solid than other mulberry cultivars, while
contents of titratable acidity were lower. Our results provide useful information on nutritional and functional
constituents of mulberry fruits according to cultivars, and their physicochemical and processing properties.
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Table 1. HPLC conditions for quantitative analysis of fla-

vonoid compositions, piceid, and 4-prenylmoracin in mul-
berrys from 7 different Morus alba L. cultivars

Item Operating condition

HPLC Waters €2690/5 HPLC system equipped with 2998

system  photodiode array detector and autosampler
Colum YMC-Pack Pro Cis (5 pym, 4.6 x250 mm, YMC
OMMI e, Allentown, PA, USA)
Sol A: 0.05% HsPOy4 in H-2O,
Solvent Sol B: H:O:MeOH:CH3CN(1:1:1, v/v)
a linear gradient elution from A to B for 50 min
Detector UVa20 & 350 nm

Flow rate 0.8 mL/min
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Table 2. Comparison of proximate composition of mulberrys from 7 different Morus alba L. cultivars

Proximate composition (%, fresh weight)l’g)

Cultivar - 3 - -
Moisture NFE Protein Fat Fiber Ash
Daejappong 85.32+0.13" 10.39+0.0™ 1.59+0.06 0.92+0.04 1.02+0.10° 0.78+0.04"
Iksuppong 85.15+0.20™ 11.76+0.08" 1.03£0.01° 0.33£0.03° 0.98+0.09" 0.80+0.10
Daeseungppong 86.24+0.16 9.61+0.08 1.77+0.06" 0.51+0.04 1.10+0.11° 0.81+0.03
Yongppong 84.36+0.19" 8.63+0.10° 2.37+0.06° 0.87£0.02° 2.87+0.13° 0.96+0.07°
Cheongilppong 85.40%0.17% 11.33+0.07" 1.16+0.06° 0.36£0.03° 0.99+0.07° 0.76+0.03
Gwasang 1 83.93+0.22° 9.50+0.11° 2.54+0.06 0.54+0.03" 254+0.12° 0.98+0.10°
Gwasang 2 86.27+0.27" 10.0+0.08" 1.64+0.01° 0.48+£0.02" 0.89+£0.08" 0.79+0.05"

})Data are mean*+SD of triplicate determinations.
Values with the different superscript letters in each column are significantly different at p<0.05.
INitrogen free extract.
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Table 3. Comparison of total sugar and reducing sugar con-

tents of mulberrys from 7 different Morus alba L. cultivars Table 4. Comparison of yields of 80% EtOH extracts from

mulberrys from 7 different Morus alba L. cultivars

Sugar (%, dry weight)

Cultivar - - - -
Total sugar Reducing sugar Cultivar Yield (%, dry weight)
Daejappong 45.29+0.58° 33.42+0.56° Daejappong 74.0+5.35"
Iksuppong 72.98+0.28" 56.90 +0.92* Iksuppong 50.241.64°
Daeseungppong 65.03+0.43" 50.30+0.16" Daeseungppong 735+4.22°
Yongppong 32.46+0.55% 16.86+1.52% Yongppong 87.0+3.19°
Cheongilppong 76.62+0.77° 62.46+1.48" Cheongilppong 50.6+2.99°
Gwasang 1 37.6640.28° 22.38+0.10" Gwasang 1 81.4+2.17
Gwasang 2 77.14+2.07% 65.67+0.29° Gwasang 2 74.0+3.86"

Data are mean®=SD of triplicate analyses.
Values with the different superscript letters in each column are
significantly different at p<0.05.

Data are mean®=SD of triplicate determinations.
Values with the different superscript letters in each column are
significantly different at p<0.05.
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Table 5. Comparison of levels of total phenolic and flavonoid
of mulberrys from 7 different Morus alba L. cultivars

Content (%, dry weight)

Cultivar Total phenolicl) Total flavonoid”
Daejappong 1.27+0.01° 0.23£0.01™
Iksuppong 1.11+0.03° 0.14+0.02°
Daeseungppong 2.24+0.06" 0.34+0.01*
Yongppong 2.04+0.12* 0.34+0.03"
Cheongilppong 0.99+0.02° 0.13+0.02"
Gwasang 1 2.25+0.10° 0.34+0.03°
Gwasang 2 1.94+0.07" 0.27+£0.03™

Data are mean+SD of triplicate determinations.

Values with the different superscript letters in each column are
significantly different at p<0.05.

YGallic acid equivalent. “Rutin equivalent.
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2 4] phenolic acid, benzoic acid, cinnamic acid, flavonoid,
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Fol lom, e ofe} Fudst FAF, Pikst ¢
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Table 6. Comparison of levels of total anthocyanin and two
major anthocyanins of mulberrys from 7 different Morus alba
L. cultivars

Total Anthocyanin
Cultivar anthocyanin _ (mg/100 g, dry weight)
(%, dry weight)  C3GY C3R?
Daejappong 0.42+0.02% 223204058 94.63+0.06
Iksuppong 0.71+0.02°  442.60+0.21% 1435941.09°
Daeseungppong 1.15+0.01° 788.26+0.06" 326.84+0.01°
Yongppong 1.05+£0.01°  600.73+0.12° 298.28+0.03°
Cheongilppong 0.67£0.02° ND?  407.12+1.05°
Gwasang 1 1.144+0.02"  70752+0.05" 349.18+0.06™
Gwasang 2 1.1240.02"  717.98+1.08" 363.01+0.01°

Data are mean+SD of triplicate determinations.

Values with the different superscript letters in each column are
significantly different at p<0.05.

Desa: cyanidin 3-glucoside.

JC3R: cyanidin 3-rutinoside.

INot detected.
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zto] Oﬂ 710" Ao F A7t Isabelle 5(34)0] il
oy #3549 OJEAMH g 1 W] FFEolh

Sy BUR 9 QU anthocyanin T34 E &S
B JAdus A 9)sa €3G % CSRO] 7‘7# 223.20~788.26
mg% 2 94.63~407.12 mg%2A EE 7t 5972 zto)
7t AR, oY FF F EHHEE(788 26 & 326.84 mg%),
FH5(70752 & 34918 mg%) L 43235 (717.98 & 363.01
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Table 7. Comparison of levels of flavonoid compositions of mulberrys from 7 different Morus alba L. cultivars

Flavonoid (mg/100 g, dry weight)

Cultivar Rutin Isoquercitrin Quercitrin Quercetin

Daejappong 198.02+0.05° 48.01 +0.04 69.73+0.48" 7.29+0.09™
Iksuppong 59.04+0.03° 17.40+0.04¢ 24.27+0.17° 7.04+0.21™
Daeseungppong 164.47+0.39" 35.21+0.07 098.18+0.26 8.03+0.40"
Yongppong 209.63+0.18° 4254+0.12" NDV 7.27+0.03"
Cheongilppong 59.79+0.22° 10.95+0.82¢ 24.32+0.25° 6.14+0.08°
Gwasang 1 263.184+0.03° 51.47+0.05" ND 7.99+0.11
Gwasang 2 310.61+0.5" 31.44+0.06" ND 10.09+0.2°

Data are mean+SD of triplicate determinations.

Values with the different superscript letters in each column are significantly different at p<0.05.

YNot detected.

rutin, isoquercitrin, quercitrin ¥ quercetin¥ 22 ZgtH
ol S st Aoh6,29). wheba BuUF F3E
ere] EgtRxolE FAXNE FFE 9% AF<= Table
77 2tk eY 9] FetRolE S BY, rutin® /2
57} 31061 mg%E 7P =kon Lo 2 HAH135(263.18
mg%)> £8(209.63 mg%)> thAFE(198.02 mg%)> o) A%
(164.47 mg%)> H L2 (59.79 mg%)> 42(59.04 mg%)
Fo=z A velyth Isoquercitrin e HAF1E 7}
5147 mg%Z 71¢ =kow thgo 2 tixH#E(4801 mg%)>
884254 mg%)> td%¥(35.21 mg%)> HF25(31.44
mg%)> (1740 mg%)> HLYE(10.95 mg%) =&
A Yebwtt) =3 quercitrin 8-S T Al #o] 9818 mg%
27 ko, O tso 2 tRE(69.73 mg%)> H YW
(24.32 mg%)> | 58H(24.27 mg%) w2 VA el
o, 8 335 9 BP2sdM e A HEEHA EAUTH
wlx| ek o 2 quercetin ¥H-S =43 A3 2371 10.09
mg%E 7HF =koew, 11 ¢ oY EFFEL 614~8.03
mg% WS YER AT o8 s AREHE v FEE
47}A Z} B o] =(rutin, isoquercitrin, quercitrin, quer-
cetin) &S Hlws] BH, FF wet oA o5& & F
ANeH, 53] Hg2se eve] FH 2714 FEHE =0
3}$HE<¢] rutin ¥ quercetin o] 7F} H& w9
I LS 7P Gt B A AMEE 2
wol= ke 9bA Lee 5(6)°] Rudt AF
o] Egtr o= FEFHT tha ¥ ¥iY, Kim 5(15)°]
Bagh ov] FEE9 EdtRxolE FEFET IA =%t
ol¢} Zo] orje] FEtRxolE gL 2T FF, Az
AR sz we 24 g2 F e A Es ¢ F
AR EH 209 rutin -2 Kim¥ Kim(37)0] A
3k 29 50415 rutin® AA B 140 mg%E Tt
o AF F rutin FFo] 2 A2 43

Wge JF & 1742 mgBRTE A & FFo|th

20| ==Y piceid L 4-prenylmoracin EH2F
[e]

Hole &%, dudet 2 &3 & piceid 3

Table 8. Comparison of levels of piceid and 4-prenylmoracin
(4-PM) of mulberrys from 7 different Morus alba L. cultivars

Content (mg/100 g, dry weight)

Cultivar .
Piceid 4-PM

Daejappong NDV 11.52+0.04°
Tksuppong ND 10.60+0.05°
Daeseungppong 14.02+0.05" 19.45+0.19°
Yongppong 13.75+0.08" 12.7040.00°
Cheongilppong ND 34.72+0.06*
Gwasang 1 12.22+0.02° 1353+0.13°
Gwasang 2 9.59+0.04" ND

Data are mean*+SD of triplicate determinations.

Values with the different superscript letters in each column are
significantly different at p<0.05.

PNot detected.

4-prenylmoracin(4-PM) “g&¢] gF=o] o, o5 A
B84 EES T ot A4, AR 2 A4y 59
A EE oz B wjdA Ao g thdstA EX
skl 3UtH10,16,30). wekA v FFE piceid B 4-PM

Fe =43 A= Table 8% 2o} WA piceid FHFS
B A% 14.02 mg%, 8% 13.75 mg%, 3135 12.22
mg%, #3235 959 mg%=E 77t e o, tAE, o4
2 g AL HEHA &t ol 2dd #F-E piceid
9} 22 stilbenoid &4 2 FFS F4% Kim 53009 B
T HET} piceid Tl 1087FF e FFoldlon, 1 ¢
stilbenoid A #<1 rhaponticin & resveratrol A#-& A9
EASHA Fskedl, ol AL FUF FE, ASEA, Au=x
A D FFA 719 zto] E o 2 AR P H(13,35). 3, &
i AER] 4-PM e AR 3472 mg%, 3% 1945

1
mg%=E H2 ¥, 1 9] 2t FEE52 1060~1353 mg%

o
=
1}
=

gt 2t 9] g9 AJEQ moracin FEAE FHED)®
ghoopet A B g oM EA s, By F5ol
we} 1 geFo] A th=oh(7,30). T3 moracin F =S
< edol FirE Solg ¥ Ao v W F(E
7], B2 2 EFHE)ol M= AL EA8HA] 7] W&ol

oTrlEEe 4% ARAROE v)$ Fasid
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Table 9. Comparison of GABA levels of mulberrys from 7
different Morus alba L. cultivars

Cultivar GABA (mg/100 g, dry weight)
Daejappong 135.46+2.81°
Tksuppong 89.38+1.63°
Daeseungppong 179.57+3.29°
Yongppong 86.08+1.51°
Cheongilppong 185.63 +3.42°
Gwasang 1 107.93+1.83"
Gwasang 2 17561 £3.85"

Data are mean+SD of triplicate determinations.
Values with the different superscript letters in each column are
significantly different at p<0.05.
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2§02 APsht o] G4 Fol FA %I 53 H2)
AR JAlste] 42 AzFoRE ATt Ges T 5

2121TH39),
olsh go] o¥] B
QELEESE

Table 10. Comparison of physiochemical properties of mulberrys from 7 different Morus alba L. cultivars

Physiochemical property

Cultivar Weight (g) oH TAY TSSC? Color value
L a b

Daejappong 5.20+0.12° 4084001  069£0.02°  1525+0.03"  31.49+0.02°  1.04£0.01° 4.09+0.01°
Iksuppong 452+0.05° 480+£0.02 0394002  1370£0.02" 26.31+001"  2.03+0.03™  -0.02+001%
Daeseungppong ~ 6.38+0.54 4454001  058+0.03°  10.33+£0.09°  2648+0.02°  3.41+0.03" 1.3940.01¢
Yongppong 2.11+0.02 428+0.03  073£0.01°  11.83+£0.10" 26.74+0.01°  3.73+0.02° 1.31+0.02°
Cheongilppong 2.40+0.19 4.20+0.01 0424001  1534+0.11* 2824+0.03"  257+0.01" 2.83+0.02"
Gwasang 1 2.46+0.11¢ 4424001  0.49+0.02° 583+0.04%  2643+0.02°  2.46+0.01° 0.41 +0.02¢
Gwasang 2 4.44+0.37° 435+0.02  042+002¢ 14334003 26.78+0.02° = 3.85+0.02° 1.25+0.01°

Data are mean®=SD of triplicate determinations.

Values with the different superscript letters in each column are significantly different at p<0.05.
YTA: titratable acidity (%). ?TSSC: total soluble solid content (°Brix).
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