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Abstract Applying ginger to processed foods to improve health is limited due to its pungent odor. In this study,
fermented gingers were prepared using lactic acid bacteria from dairy products or kimchi and their chemical and sensory
properties were examined. Adding dried ginger or fermented gingers (GSt, GLa, GLm) to plain yogurt made them less
tasty and lowered the overall acceptability of yogurt except GLp. For all fermented gingers including GLp, the
characteristic flavors of the ginger decreased by fermentation so adding fermented ginger into yogurt did not affect its
flavor significantly. Thus GLp would be expected to be a food ingredient instead of dried ginger without lowering
organoleptic qualities. The content of 6-gingerol, a bioactive component in ginger, decreased in all fermented gingers.
However, 6-shogaol, which increased in GSt, GLa, and GLm, was not detected in GLp.
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Fig. 1. Manufacturing process of fermented ginger.
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Table 1. Operating conditions of GC/MS in analysis of volatiles
from gingers

Items Condition
GC: HP 5890 (Agilent, Palo Alto, CA, USA)
MS: HP 5973 (Agilent, Palo Alto, CA, USA)

Instrument

Column DB-1, fused silica capillary column
60 mx0.53 mmx3.0 pm

Transfer temp. 250°C

Injector temp. 250°C

Flow rate Helium 5 mL/min

Programmed from 40°C to 240°C, 10°C/min
240°C to 300°C, 20°C/min

initially hold up for Smin at 40°C

finally hold up for 10min at 300°C

EI (70 eV)

Column temp.

Ionization

Table 2. Operating conditions of HPLC in analysis of 6-gingerol
and 6-shogaol

Items Condition
Inst nt Younglin M930
strume (Young lin Instrument Co., Ltd, Anyang, Korea)
LiChrosorb RP18
Column

(Merck KGaA, Darmstadt, Germany)
4.6x250 mm, 5 pm

Column oven 25°C

Detector UV detector

Absorbance 282 nm

Flow rate 1.0 mL/min

Mobile phase Isocratic (MeOH:D.D.W=_80:20)

Injection volumn 10 pL

AA 242 p<0.05 £~FolA Duncan's multiple range test(21)

o olsl AAsket.
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248732 DG 0.1gd HEAZ2 GLp 0.73 gAY 0.1
Z}ZH0mLe] D.Wol =9 % Dynamic Thermal Stripper
(Dynatherm Analytical Instruments Inc., Oxford, PA, USA) X
& AFE-3}] NPT(nitrogen purge and trap) O = Tenax-TA
(Alltech Inc., Nicholasville, KY, USA)Z x]$J% APK sorbent
tube(KnR Co., Uijeongbu, Korea)Z 40°Co|A 587+ T3A|A
Haklar, 23 T APK sorbent tubeE Thermal Desorption Unit
(Donam Instruments Co., Seongnam, Korea)oll ¢XIA1Z1 & E3
R YRS 300°ColM EHAIA 20 mL/min £=2] AF
7kt A GOMSell A F9dste] #4381 NIST libraryS
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Table 3. Approximate composition of gingers (%)
Approximate Moisture Crude Crude Crude Crude Carbo-
composition fat  protein  ash fiber hydrate

DG" 122 8.1 7.8 54 6.2 60.3
GSt? 29 266 239 5.2 0.7 40.7
GLa” 34 269 243 53 0.8 393
GLp" 2.5 0.7 10.2 3.0 2.0 81.6
GLm? 29 0.4 9.9 2.8 1.0 83.0

YDG: Dried ginger

JGSt: Ginger fermented with Streptococcus thermophilus
9GLa: Ginger fermented with Lactobacillus acidophilus
YGLp: Ginger fermented with Lactobacillus plantarum
YGLm: Ginger fermented with Leuconostoc mesenteroides
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Table 4. Sensory evaluation scores of yoghurt containing various gingers (0.5%)

Sample
Blank Y-DG" Y-GSt? Y-GLa® Y-GLp* Y-GLm”
Color 1.70+0.22° 3.63+0.48° 2.05+0.91° 2.55+0.76™ 1.89+0.93° 2.75+1.02%
Taste 3.42+0.17° 1.8340.19° 3.05+0.85® 2.90+0.85® 3.33+£1.0° 2.75+1.02%
Flavor 3.37+£0.09* 2.32+0.21° 2.95+0.91° 3.10+1.21° 3.56+0.88" 2.85+1.18
Overall acceptability 3.51£0.06* 1.52+0.08° 3.05+0.71* 2.95+1.19® 3.44+0.88° 2.25+1.25%
**Means in the same column not sharing a common letter are significantly different (p<0.05) by Duncan’s multiple test
YY-DG: Yoghurt containing dried ginger
2Y-GSt: Yoghurt containing ginger fermented with Streptococcus thermophilus
9Y-GLa: Yoghurt containing ginger fermented with Lactobacillus acidophilus
YY-GLp: Yoghurt containing ginger fermented with Lactobacillus plantarum
?Y-GLm: Yoghurt containing ginger fermented with Leuconostoc mesenteroides
Table 5. Identification of characteristic compounds from ginger
S5
I;?s].( Components Mass fragments (m/z) A]lbagndance (;;Op)
1 Alpha-pinene (136, 121, 105, 93,79, 77, 67, 53, 41) 21.1 11.9
2 Camphene (136, 121, 107, 93, 79, 67, 53, 41) 72.7 23.5
3 6-Methyl-5-hepten-2-one (126, 108, 93, 83, 77, 69, 55) 27.8 28.9
4 Beta-myrcene (136, 121, 107, 93, 79, 69, 53, 41) 56.4 14.8
5 a-Phellardrene (136, 93, 77, 65) 272 15.3
6 1,8-Cineole (154, 139, 125, 108, 96, 81, 71, 55, 43) 434.8 153.0
7 Linalool (154, 136, 121, 107, 93, 80, 71, 55) 50.8 4.9
8 Borneol (154, 139, 121, 110, 95, 81, 67, 55, 41) 61.3 252
9 o-Terpineol (136, 121, 107, 93, 81, 77, 67, 59, 43) 25.1 11.7
10 2,6-Octadienal (152,137, 119, 109, 94, 84, 69, 53) 32.6 53
11 Citral (152,137,123, 119, 109, 105, 94, 84, 77, 68, 57, 53, 41) 32.7 5.1
12 2-Undecanone (170, 155,127, 112, 85, 71, 58, 43) 14.7 9.6
13 Bornyl acetate (196, 154, 136, 121, 108, 95, 80, 67, 55) 8.2 6.0
14 1,2,4-Metheno-1H-Indene (204, 189, 175, 161, 147, 133, 119, 105, 94, 79, 67, 55, 41) 9.5 7.7
15 o-Copaene (204, 161, 119, 105, 93, 77, 67, 55) 13.4 7.7
16 o-Curcumene (202, 145, 132, 113, 105, 91, 83, 77, 69) 97.4 25.9
17 Zingiberene (204, 161, 105, 93, 77, 69, 56) 105.0 28.8
18 [-Bisabolene (204, 189, 161, 119, 107, 93, 79, 69, 55) 559 10.2
19 -Sesquiphellandrene (204, 161, 133, 120, 109, 93, 77, 69, 55) 99.7 11.8

"DG: Dried ginger
IGLp: Ginger fermented with Lactobacillus plantarum
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Fig. 2. Total ion chromatogram of volatile compounds from gingers and Fermented ginger. (A) DG: Dried ginger; (B) GLp: Ginger
fermented with Lactobacillus plantarum

49 R MEALE RPEEC 05% WAL A GLpETt 8| ME

T2 AAHQ 715G 440t BH3.33)0] o ERAY H7H A7e] F71gEs A% A3 Fig 29 Zsken 7+ QR
of wste] $-Fsiltt. GLpH 7ol HAIH] 71&=9} gk - < 4% A= Table 59 234Th Bednarczyk} Karmer(24)9}

A7M (185 351, Bk 342)9 thEx] ekskoy AAZRl DG 53 Macleod®}t Pieris25)= 52 A7e] 5422 WA) AHEo
HANIEE: 1.52, 5t 1.83)°] Blgte] 3t Aoz el 2 o-terpineol, neral, geranial, pB-Sesquiphellandrene, o-cur-

o}, w2 A7re] AZlr1EAe EALS F83E7] Yite] 8 F= cumene, nerolidol, bornyl acetate, zingiberene, [-eudesmol, trans-
Ed 7k vl DG Rule GLpE #7kshes Zo] wlEdd A B-sesquiphellandrene & X YSIREH 2 AFoMe F AR
oz dzHgch. wHe] Fulo] I HEEE ARE el & 02 F 19e] IAE HshArk WaPTNA 6-shogaol ]
o7k gilem AL DG H Mt R/ RE waAvt A HelEe Zom d5d GLpel 4 A¥he A4 At A

e wrh e Row Uehdrh AR ADE fAIIOL JehHel e At A0 ekt



500

I 6-gingerol

400 - [ 6-shogaol

300

ppm

200

100

* -
=
=
0 T T T

DG GM1 G5t

Fig. 3. Contents of 6-gingerol and 6-shogaol in DG, GM-1, GSt
and GLa.

* n.d. means “Not detected”.

YDG-1: Dried ginger medium-1 before sterilization

YGM-1: Ginger medium-1 after sterilization

9GSt : Ginger fermented with Streptococcus thermophilus

YGLa: Ginger fermented with Lactobacillus acidphilus

T
Gla

=0l 18-cineole> °F 65%, a-curcumene} zingiberene> 73%,
B-sesquiphellandrene> 88%7} ZHA3titt. the LaEAOIAM T

W7 GRS A fARP b ols waAe
Az F Daegel o 9P} fakE wmel o5t Zo
2 oZHn] T oA ARES) Aot WA gn) A

IwoE S FA %e A= e

6-gingerol2} 6-shogaole| &Hak 3|

AX7 a7t 6-gingerol# 6-shogaol 2] FHFS #2493k
A= Fig 3, 49 Z2o%=d AAE FE(180 mg/5 mL)3Hd
366.9 ppm®] 6-gingerolo] & %} 2™ 6-shogaol> AEHA| %
Atk TLF180me)e] 7S AT WA (GM-D)E FZQ 5
mL)3+ A3} 6-gingerolo] 67.9 ppme] =] Had T ]3]
Al 6-gingerol®] 81.5% AH=7l WHEtE ZoF BTt GStot
GLa® A% Z7t 572, 63.1 ppme 2 GM-18} 97 zto|7t
o] ATl T Afols WA Az F BFAl o3
27 ddEt), o]9} #Bsle] 6-shogaol] S R ANTES
A 23 YMA GM-1, GSt, GLa®] 3% 27+ 127.1, 1314, 117.9
ppm] 6-shogaol®] HEEo] 7143t gingerol©] shogaolz 713+
S ¢ 4 A0k °o]E Connell(6), Hong(9), Lee$t Ahn(26)°] 5
o] shogaol¥} zingerone®] 1Al A7

=

SRS, Fole Al o
A7 Az, 7, AR Foll ¢ HEZ-YE e 9st
o A7 g A AR ehe AL BTk X Hit TE
A7 GLpSF GLmE AZHIA(GM-2)E 52 g/5 mL)ste]
Ag A3 Fig 49 2=l S 5027 ¢/5 mL)sted
562.6 ppm®] 6-gingerolo] 7AZ EA2W 6-shogaok> HAEHA] &
Skt AZHIRIQ1 GM-20l 41 =6-gingerol®] 32.6 ppm©] A& =] o
ol 9JallA 6-gingerolo] 942% H=7F H3tE AoTE WX
o} GLp¢t GLme 7% 6-gingerol®] 22 24 74zt 288,
223 ppm FEE GM-2¢} F9F ztol7t giledl ol BdF
Aol ot AEwstenzE Addnh AAES Ads A 6-
shogaolo] ZHZ¥ WHHel| GLpolX = 7147 o] HEHA &
SITtHFig. 4). ©l= GLp A7FEE 5 6-shogaol ©] Eall=l= AL

2 J&HAem GM-29} GLme] 739 6-shogaolo] F 40 ppm

T2 54 253
700
600 I 6-gingerol
[ 6-shogaol
500
400
E
8
a
300
200 -
100 4
., .
= =
0 = Bl m- m [
DG GM-2 GLp GLm

Fig. 4. Contents of 6-gingerol and 6-shogaol in DG, GM-2, GLp
and GLm.

* n.d. means “Not detected”.

YDG-2: Dried ginger medium-2 before sterilization

IGM-2: Ginger medium-2 after sterilization

IGLp: Ginger fermented with Lactobacillus plantarum

YGLm: Ginger fermented with Leuconostoc mesenteroides
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