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Characteristics of Rubus coreanus Miq. Fruits at Different Ripening Stages

Ji-Myoung Kim and Malshick Shin*
Department of Food and Nutrition, Human Ecology Research Institute, Chonnam National University

Abstract To develop a healthy functional food containing Rubus coreanus fruit (RCF) powder with different degrees of
ripening, the composition, physicochemical properties, and antioxidant activity of native RCF during ripening were
investigated and compared with Rubus occidentalis fruit (ROF). Ripened RCF was bright red in color, whereas ripened
ROF was dull and dark red in color. The seeds of RCF were softer and smaller than those of ROF. Crude protein, crude
lipid, and total sugar content of RCF powder increased with increased ripening time, whereas ash and total dietary fiber
contents decreased with increased ripening time. Color differences increased with increased ripening. Eighteen types of
amino acids were analyzed from RCF, and glutamic acid had the highest content. RCF powder had the highest level of
potassium and calcium and did not contain any hazardous metals. Mineral and organic acid contents decreased according

to ripening.
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719 E F& WE LA (-80°C, Deep freezer, JP/CLN-40U
Towa Scientific Co., Tokyo, Japan)sZ4dAlZ] TS FA7AZ7]
(Freeze-dryer, Bondiro DC1316 Ilshin Lab Co., Ltd, Seoul,
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rich Chemical Co., St. Louis, MO, USA) 0.1mLE %o &
FAA AHoIFHA 1587 WHEAIZ]IAL viR A0 2 YA
ZTh HolAE 60°C &2 FE7](160 rpm)oll B2 F oI7]9
protease 0.1 mLE ¥l 30:27F WHSAIZH AL, 0.561 N HCl 5 mL&
Yol pH 4692 2743 U3 amyloglucosidase 0.1 mLS 73}
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AlE 0.5g2 18mL test tubedll @3l 6N HCl 3mLS 7t
slo] 749 W3 & 120°CY] heating blockol|A] 24X17F o] 7}
S8l AFHTE 7Rl B A& 50°COlA] rotary evaporator
2 A AAT T 10 mL(loading buffen® &3+ ok, o= |
mLE #3lY membrane filter 0.2 um= S ZA|A ol =At 24
$-4171(S433-H, Sykam GmbH, Eresing, Germany)= -2} &}3iT},
Column-2 cation separation column(LCA KO06/Na, 4.6x150 mm;
Sykam GmbH)Z A& #4311t}

713 24

EZ B 9] 2] 1A 2499 E¥2 ICP-AES(Induc-
tively Coupled Plasma, OPTIMA 4300 DV, Perkin Elmer Co.,
Wellesley, MA, USA)Z SA3I3 . AlExAle £8S 550°C 3
sl2o|A] WAl =R 3)5AZ] oy 33k 3RS olew
grE A 3 FARE SmLE 78t hot plateol A FE
ZAIZAT o719 TAl SmLe] FAHEAS Thsted SR 71D &
3k T ofste] 100 mLE H-&ste] Yo B8k

F71AEE 2 AEE 80% AEERE F2FE(80°C)lA 44]
et & & AgEEele] AR S FENL 045
um membrane filter2 o33}3le] o] A ZwlE 13 (DX-600 IC
system Dionex Co)& AM&-3te] #4434t} Column IonPac
AS11-HS Analytical, 4-mmE A}M&-3t2 EG50-24 mM KOHE
eluentZ 3} 1.0mL/min =% ED50 Conductivity DetecterS
ARESETE ¥ #7120 2 citric acid, malic acid, succinic
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Fig. 1. The shape and color of fresh fruits and freeze-dried powders of native Rubus coreanus with different ripening degree.
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alo] AAIEIATE Hydrazyle] 8RFge AAQR7E FAUAE B
olEolE AHE ol&dl] FAkslEA} whgaEle] AAe] HA
A& 24381= DPPH(1,1-diphenyl-2-picrylhydrazyl)e] $H2-S o]
gale o s ZAsth(15). 22 AR 1gS 300mLe] 80%
HErSol] HEAZ F 80°ColA 1A7F B FE3L o33
o} ojzjole wighgo] b3 FaE wizkx] 7ot wEAIAAL
ZHFE g7 3 100mLE FE3l2 1 mL microtube®E &
3 ok AF A7 YERAsE Agsisit. Wees 5
=3+ A2 02mLe FHst] 7]9) 04mM DPPH 0.8 mLS 4
o] 3027+ FEe & hAolx 3087+ RHEAIA spectrophotome-
ter(U-2800A, Hitachi, Tokyo, Japan)2- ©|-&&}o] 525 nmollA &3
TE ST xS Alatil w30 fusE 5743543
o1 DPPH A} 5 (electron donating ability, EDAYE T2}
7o Aoz A

EDA(%)=(1-A/B)x100, AS} BE 525 nmollA] 212} Al&e} tlz
o] F=olqth

& o= gEe &3

B2z @719 F HEg3-2 Folin-Ciocalteu Wl ]3] W]
A AEFsth(16). dHEER XS BEEX FEE 100 pLo
Folin-Ciocalteu A]2F 500 uL2} 20% sodium carbonate 1.5mL, &

FF 79mLE Hubeh & A0A 2A17F WA AT WS-
spectrophotometerS ©]-83F] 765 nmollA SFF=E =793},
EFFAL aallic acids TFEZZE ARSI Fal9lom
HAE Y=1313X+0.0021(R*=0.999)% Y 525 nmol 2]
Lol o] w X& F HE ol

dot B [o mfn
ol {N & rlo of

SH X
BEE AFS 29 o] whEEen Ad¥dd= SPSS 12.0K
(SPSS Inc., Chicago, IL, USAYE ©]&3te] p<0.05 F~<ollA B4

2] 3} ANOVAS} Duncan's multiple range test2 745314 T).

Table 1. General composition of Rubus coreanus freeze dried
powder with different degree of ripening

Degree of ripening

Content (%)
Unripened Mid-ripened Ripened
Moisture 8.78+0.73" 7.85+0.52° 10.94+0.88°
Crude protein 4.85+0.20° 4.91£0.30° 5.34+0.20*
Crude lipid 3.53+0.21° 3.50+0.22° 5.36+0.09*
Ash 7.70+£0.87* 5.20+0.03° 4.62+0.02°
Free sugar 12.47+1.43°  3624+1.99°  56.80+2.62°
Total dietary fiber 37.61+1.74° 17.741.52° 11.48+0.43¢

YValues are mean+SD
““Means with different superscripts within the same row are
significantly different by Duncan's multiple range test at p<0.05.
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Table 2. Color values of Rubus coreanus powder with different
degree of ripening

Degree of Hunter Lab values®

ripening L a b
Unripened 97.15+0.04%) 0.23+0.04° 1.85+0.04°
Mid-ripened ~ 72.0940.04° 25.26+0.04* -5.35+0.04°
Ripened 48.17+0.04¢ 18.95+0.03° -11.41£0.05¢

YValues are mean+=SD

“*Means with different superscripts within the same column are
significantly different by Duncan’s multiple range test at p<0.05.
IL: lightness, +a: redness/greenness, +b: yellowness/blueness.
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Table 3. Free sugar contents of native Rubus coreanus powder with different ripening degree

Degree of ripening Total sugars Free sugar (mg/mL)
(%) Glucose Fructose Rhamnose
Unripened 12.47+1.43°V(10.47) 45.03+0.31¢ 39.20+0.53¢ 20.44+1.74¢
Mid-ripened 36.24+1.99°(27.35) 105.17+£3.20° 08.89+0.64° 69.48+3.59°
Ripened 56.80+2.62%(39.71) 147.87+0.41° 144.59+2.38° 104.59+3.17°

YValues are mean=SD
ITotal sugar (%)

**Means with different superscripts within the same column are significantly different by Duncan's multiple range test at p<0.05.
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Table 4. Amino acid contents of native Rubus coreanus powder
with different ripening degree

£ 522} @)0) 5y 345

Table 6. Organic acid contents of native Rubus coreanus powder
with different ripening degree

Amino acid . Sy . Lo Unripened Mid-ripened Ripened
(mg/e) Unripened Mid-ripened Ripened Organic acid (mg/mL) (mg/mL) (mg/mL)
Alanine 3.49+0.01*Y 2.85+0.01°¢ 3.04+0.01° Citric acid 90.80+0.80°"  71.23+0.32° 30.36+0.30°
Arginine 3.54+0.02° 2.99+0.04¢ 3.79+0.05* Malic acid 17.22+0.84° 23.45+0.01* 7.69+0.40°
Aspartic acid 6.61£0.02* 5.76+0.02° 5.99+0.03° Succinic acid 9.37+0.09* 6.04+0.14° 5.99+0.23"
Cystine 0.24+0.02 0.18+0.01 0.25+0.03 Tartaric acid ND? ND ND
Glutamic acid 7.67+0.01° 6.61£0.01° 9.17+0.02* Oxalic acid 1.32+0.06° 2.47+0.10° 1.920.00°
Glycine 3.69+0.02% 2.99+0.01°¢ 3.46+0.00° Pyruvic acid ND ND ND
Histidine , 2.74+0.02° 2.46+0.00° 2.60i0~00: Total content ~ 118.71+0.20°  106.19+0.56"  45.95+0.93°
Isoleucine* 2.75+0.01° 2.10+0.01° 2.53+0.00 5
X . . 'Values are meantSD
Leucine* 4.89+0.00 3.88+0.03 4.28+0.02° **Means with different superscripts within the same row are
Lysine* 4.45+0.00° 3.50+0.02° 3.36+0.00° %igniﬁcantly different by Duncan's multiple range test at p<0.05.
Methionine* 039£0.01°  0.42:0.00°  0.49+0.00° Not detected.
Phenylalanine* 2.85+0.00° 2.25+0.01° 2.51£0.00°
Proline 2.78+0.09° 2.18+0.04° 2.46+0.07° . L
Serine 3.6140.02° 2 0240.02° 3.06£0.01° 24 @719 opu|iAit Foll= aspartic acid’l 7 B A A
Threonine* 2.95i0.013 2'35i0'01c 2.481:0.00" B2 uus n&IdsESEdegdaao|glon & obn] At
Tryptophan®*  2.73£0.01°  235£0.00°  2.87+0.05° FFIE vl RO R S0 wet gt
Tyrosine 1455002 0974001  0.95+£0.02° RIS, B A 27] SEERE 2 oprledl
Valine* 3474003 2.69+001°  2.97+0.03° WAE PisIesagast o2 Sy St opvle
;\]_ 1:11: 7}RF _LH‘G‘],O o]. /~ oloir]
Total 603140220  49.44+0.02°  56.25+0.08° e RS-

YValues are mean+=SD

““Means with different superscripts within the same row are
significantly different by Duncan's multiple range test at p<0.05.
P*Essential amino acids

Table 5. Mineral contents of native Rubus coreanus powder with
different ripening degree

Mineral Unripened (ppm) Mid-ripened (ppm) Ripened (ppm)
K 21026.2+52.47*" 15910.15+60.60°  10381.40+84.85°

Ca 11489.2+130.96"  6587.65£106.56"  4976.55+58.76¢

Mg  4446.55+6.29" 3479.35+40.52° 2189.60+14.71°
P 34253+20.79*  2659.85+35.14° 2364.60+51.76°

Mn 151.10+3.39 200.20+12.02 * 155.2542.47°
Fe 37.55+2.34 35.47+1.74 32.06+1.78

Zn 15.50+0.43 15.72+0.26 15.36+0.20

Na 18.82+0.31* 12.11+0.46" 9.424+0.47°

Cu 8.38+0.23* 7.89+0.11° 7244021 °
Cr ND? ND ND

Co ND ND ND

Cd ND ND ND

Pb ND ND ND

Mo ND ND ND

As ND ND ND

Se ND ND ND

Hg ND ND ND

Total ~ 40618.59+211.67° 28908.38+182.20" 20131.48+181.82¢

YValues are mean+SD

“*Means with different superscripts within the same row are
significantly different by Duncan's multiple range test at p<0.05.
?Not detected.
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Fig. 2. Electron donating ability (EDA) and total phenolic content of native Rubus coreanus powders with different ripening degree.

**Means significantly different by Duncan’s multiple range test at p<0.05.
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