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Changes in Physicochemical Characteristics of Black Raspberry Wines from
Different Regions During Fermentation
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Abstract In this study, four Korean black raspberry wines were developed using raspberries from different regions in
Korea; Gochang (G), Hoengseong (H), Jeongeup (J), Sunchang (S). Sample wines were monitored for titratable acidity,
ethanol, pH, reducing sugar content, color intensity, hue, total phenolic content, and organic acids during alcoholic
fermentation and aging. After fermentation was complete, the pH levels in the four wines were in a similar range (3.43-
3.52), while total acidity levels ranged from 9.98 to 16.2 g/L, which were significantly different among the four wines.
During 120 days of aging, the ethanol content ranged from 15.8 to 16.40% which corresponds to a good conversion rate
of sugars. Among the four samples tested, the wine made with Jeongeup raspberries showed the highest levels of total
phenolic content, and other color values such as hue and intensity. The predominant organic acids were citric acids (3.30-
4.89 mg/mL) and succinic acids (1.92-3.48 mg/mL). Overall the wine made with Jeongeup raspberries showed differences
in physico-chemical compositions compared to the other wines made with Gochang, Hoengseong, and Sunchang

raspberries, respectively.
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= Saccharomyces cerevisiae DSM Food Specialties, Fermivin
No. 7013 INRA NARBONNE, Servian, France)s AF&-3[%t}. o}
Gk, ollehE B {714F BA0 ARS-E A]°F2 Boehringer Man-
nheim Biochemicals(Munchen, Germany)A}llA] -3}t

S M=

) AAZRE B2 7k 10kgd] B2 Axs] g W
FH U8E 5°C AE=E dllEsted 307](Waring, Torrington, CT,
USAYE ol83le] FRiA¢]S ARt Zkfld E2xlde] 100 ppm
9] o} HES HIISIAL ol HF AT ¢EE F=E UF
7] 9J3le] WABKCI Co., Seoul, Korea)S 718l @=sS 26°Bx
2 gEh AA o] s 7EE E(Fermivin No. 7013
INRA NARBONNE)E 0.04%S AFat] 5% Augolo)] 38°C
A BfFete] SASIAIA EEANe HUE o1& tY HE
Zo &1 F, F20] 25°C ol K ¥=F 20°C AL
oA 30 B3t ¥R TRAH Y daEvF dEH BEAS
= 7)ot 4EE ARSSted 2 £, 100 ppme] oFEHAEA
S ekt 2 U FEREE ol&dl 13 AFAE A
ETES A8tk eyl dHAzl BEAEE 15+1°CY]
Aare] Wi g7 SAANHY. S0 Bd BEAT= 29
of AA 1x 25pum membrane filter(Buon vino Mgf. INC,
Ontario, Canada), 222 0.7 pm membrane filter= Z& 23} o3}
£ AAEith A3t B EEASE 750 mL frEHel Hob
15£1°Col|A] A3ttt

e 2

pH+ pH meter(Orion Model EA 940, Boston, MA, USA)E
2430t 2AEE ACACHHH12)0 g8l 33 vk =431
ok 2GS o] gate] AAaE AAXNT BEAFE 0.1N NaOH
2 AAsY citric acid® YERATE B =% A20)A] hand
refractometer(Atago Pocket Pal-1, Tokyo, Japan)S ©]-&3t] &%
A Th Y9 dinitrosalicylic acid methodoll W} UV/VIS
spectrophotometer(diod-array) HP  8453(Hewlett Packard, Palo
Alto, CA, USAYE ol&3le] 550 nmellA F4=5 S4dla %5
E3 glucose(Sigma Co., St. Louis, MO, USA)S TEEZE AZ
ato] FFeArh(13). E3E FFe FEAFE WYl 94
ato] 7Hde §, 700 FES] ¢EES ol TRTE AFS
100mLE 5 & FHAE ol&st] FAAth(14). & =
g2 Folin-Ciocalte & ©]-8-8ko] ZAATh(15). 108 343k
AlE 1mLY FF4 60mLE 7}3}3, Folin-Ciocalteu’s(Sigma

Co) 5mLE 7k8le] 30%7+ 9h&AIZTh ol 1SmLe| %3} &
AEFS A7 SHFE 100mL F9E g F 247
o 765 nmollA SEE=E 431 gallic acidE ©]-&, phenolic
content mg/l. GAEZ ¥}l ). Zoecklein 5(16)2] ol u}
2 TEF9} 72 AT M AT E dolEe b Bol ARE-
F= hues} intensity S48 18] BEAES A3si] 72 420,
520 mellA §HE=E Z435I%TE Hues 420 nm/520 nme] )&
=, intensity:= 420 nm+520 nme] FOZ AT} M= AR
(Hunter Lab Color Quest II, Richmond, VA, USA)E ©]-&3] 3
A ZA3lo] Hunter scaled] 28l L(EE), a@A%), bEAE) 7k
o2 Yttt BE 4L 33 wiEsle] A & HFgez
EAEIAT

718 24

714k A& 1mLS Bio-Rex 5 anion exchange resin(100-
200 mesh chloride form, Bio-Rad, Hercules, CA, USA)S ©]-8-3}
o FE A AT FH, 20% sulfuric acid 2 mLol] &3] F2H 2
T 10mLE o83t U2 5 0.45pum syringe filter(Xpertek,
Rivonia, Republic of South Africa)Z ¢§3}3}] Aminex HPX-
87H(300 mmx7.8 mm) columne ARE-3}H oW o]} EEEE
0.6 mL/min, column oven =% 35°C, injection volume 10 pL,
UV 210 nmol|A] #443819c}k(17). 7171 HPLC(Jasco UV-975 UV/
VIS detector, Tokyo, Japan)& AN&-3}51Th.

SAHIXE|

EAL 5 BRAR] oslerd 54 4 A= SAS(Statistical
Analysis Systems) for Windows 72% ©]&3le] EAHEA
(ANOVA)Z o3¢l 7179 (Duncan’s multiple range testyS A
&t

23yl o

XE SEX dule| o|stety 54

A Y5 BEAe] o]gshy 542 Table 134 ot 7+ 4t
A BEzLo] pH 58 3433528 AR 328 Yehl
A 7kl oA Aolrt QIATh FAbEE At BRA}
998 g/LE U2 2Ex]9] BR2}(13.65-14.78 g/L)oll Bls] F-2]F o
2 ye 225 Yehdth ol Cha S(18)°] B3k 20064
I BEA egrate] FAETE 169 gL2 B AT Aol 2}
olE YeRIdth 5 BEAL Ao o|slsty EAd gk A

Table 1. Physico-chemical properties of black raspberries from four different regions (G: Gochang, H: Hoengseong, J: Jeongeup, S:

Sunchang)
G H J S

pH 3.52°+0.02 3.49%+0.02 3.46°+0.01 3.43%£0.02

Total acidity (g/L) 9.98%+0.15 14.40°+0.22 14.78°+0.17 13.65°+0.16

°Bx 7.0°+0.12 6.9°+0.08 7.0°+0.12 7.8+0.11

Reducing sugar (g/100mL) 4.49+0.04 3.33%+0.07 2.57%40.03 3.78°+0.06
Total phenolics (mg/L GAE) 2538.64°+68.90 2209.09°+68.90 4521.82°+72.36 2370.91*+52.09

Hue 0.54°+0.01 0.57°+0.01 0.76+0.02 0.56*+0.01

Intensity 37.06"+1.20 32.93°42.10 60.49'+1.80 31.46°+2.60

L 0.52°+0.03 0.29°+£0.02 0.18°£0.00 0.23+£0.02

a 3.05£0.02 1.85%+£0.01 0.55°+0.00 1.11°+0.03

b 0.76°+0.03 0.41°+0.02 0.16°+£0.01 0.25%+0.01

*9Means within a row not sharing a superscript letter are significantly different (p<0.05, Duncan’s multiple range test).
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Fig. 1. Changes in pH values of wines made with raspberries
from four different regions (G: Gochang, H: Hoengseong, J:
Jeongeup, S: Sunchang).
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Fig. 2. Changes in total acidity of wines made with raspberries
from four different regions (G: Gochang, H: Hoengseong, J
Jeongeup, S: Sunchang).
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Fig. 3. Changes in soluble solid contents of wines made with
raspberries from four different regions (G: Gochang, H:
Hoengseong, J: Jeongeup, S: Sunchang).
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Fig. 4. Changes in ethanol contents of wines made with
raspberries from four different regions (G: Gochang, H:
Hoengseong, J: Jeongeup, S: Sunchang).
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Fig. 5. Changes of reducing sugar contents of wines made with
raspberries from four different regions (G: Gochang, H:
Hoengseong, J: Jeongeup, S: Sunchang).
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Fig. 6. Change of total phenolic contents of wines made with
raspberries from four different regions (G: Gochang, H:
Hoengseong, J: Jeongeup, S: Sunchang).
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Fig. 7. Changes of Hue values of wines made with raspberries
from four different regions (G: Gochang, H: Hoengseong, J:
Jeongeup, S: Sunchang).
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Fig. 8. Change of Intensity values of wines made with
raspberries from four different regions (G: Gochang, H:
Hoengseong, J: Jeongeup, S: Sunchang).
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B 459 f712F SRS Table 29F 7+
o}, %—EZ]——F./] FQ -rr7],_3 citric acid®} succinic acidl] Ao
2 YERTE Choi 5(9)¢] &8 45 s 4 BEAS
o] wg EA AFIME citric acid®} malic acid’} & F714F
o2 BUYAL, Moon S(11) A AXFRE o]&3 %
2 SN BREAF] FQ F7IRC R = citric acid®} oxalic acid
2 HIER citric acid ©]2]e] FL 74 ZAAM = ZolE

YephQitl F2 #7114k citric acid9] sho 342kl 4.89
mg/mLE 7P & FAE YA, o2 33K 4.74
mg/mL), =F4H4.42 mg/mL)yEO 2 L]—E]- 7, -52H3.31 mg/mlL)
EEAA 7P e S UERITh 2R A3 S
o] Th& Algol us) %elagi S RS UepidTh 29l
I 7+e Aol AZ Al gl o UukH o F citric acide}
malic acid’7} 7FASE ZAoZ HIEO] QoW citric acide &
gl 9J3) lactic acid® #¥=]7]%= 1M, lactic acid bacteriadl <]
3 acetic acid2 3= = Ath9). & AN = I H5
Ab BEZFo) A lactic acid®} acetic acid’} ZEE o] o]#3F I}
Aol Lag F I FPd AR AAXT}, Malic acid®] 3
F2 AR 7 Zolg YERA] AL FARE °5(0.19-0.22 mg/
mL)2 2 YEPFT lactic acids A4t B-Ex57 7MY & 5
(046 mg/mLyS HA T2 A7 7S FARSE 555(0.19-0.24
mg/mL)S YERATE Malic acid®] 734 UF B2 745 a9
AL e gk Fof 7|Ekd] i 9gS Fed ol E0le
wyos dxg warl v ¢ 23 #aE AR = malo-
lactic fermentation 332 #X]7|= 3}, Malolactic fermentation
< malic acidE lactic acid® HFA|Z|EZ, malic acidE 84
oF AT, AHRH LR FALE WE F UTHRS). E3,

malolactic fermentation2 7% EXE=FE& Frojg ukg zHA =

Table 2. Organic acid contents of finished black raspberry wines from four different regions (G: Gochang, H: Hoengseong, J: Jeongeup,

S: Sunchang)

G H ] S
Malic acid 022°£0.03 021°£0.02 0.19:0.01 0224002
o Lactic acid 0.19°£0.01 0244001 0.46%£0.03 0.20°£0.02
Ozgmag/l;ic)ld Succinic acid 1.92:0.04 3.49%£0.00 2.86°:0.06 2.39%10.07
Citric acid 4.75%:0.08 4.89°£0.10 3.31°£0.06 4.42°40.10

Acetic acid ND" 0.20°+0.01 0.23%+0.01 ND

UND: not detected.

*IMeans within a row not sharing a superscript letter are significantly different (p<0.05, Duncan’s multiple range test).
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