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Abstract

In this study, antioxidant activities and physicochemical properties of chocolate fermented with Lactobacillus plantarum
CK10 were investigated. The pH level decreased from 5.26+0.02 to 3.98+0.06 during fermentation while titratable
acidity increased from 5.36+0.19 to 13.31+0.34. The total polyphenol and flavonoid contents slightly increased
during fermentation, but it was numerically negligible. Slight increase and decrease in the radical scavenging activities
of chocolate, against DPPH-, ABTS-, and alkyl- radical, were observed during 32 hr of fermentation, but the changes
were not statistically relevant. Composition ratios (% area by GC analysis) of lactic acid, xanthosine, and theobromine
increased with fermentation time while hydroxymethylfurfural (HMF) and caffeine decreased after 32 hr of fermentation,
in the order of xanthine (22.7%), theobrome (20.0%), lactic acid (14.9%9), HVIF (9.1%) and caffeine (9.0%). However,
there was no remarkable changes in theobromine and caffeine contents in chocolate during fermentation.
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mL rhexaned H713F & 587 259 231 FE0]
LU 4T, 1,000xge] 2702 105 7+ 94lEe 8 %
3T NE oo N AS A ASATE Ao] AlAH
Al BE 3akg) AEL 93} acetone : distilled water =
7 .39 &4 5 mLE Hrlsla 1087 289 F&a19h
4T, 1,000xg9] 3102 1023t A2 & F & =ohd
Al 3

JoAS A1 o] 2& 100 mgmLZ 3jod Aol AME3IST

—

olglr

pH ¥ HFMT £F
LaE Mgt E AIEE pH ¥ ARIEE S
At pHE 228 da s thale] A|7HEE pH
meter(Thermo Scientific Inc., Waltham, MA, USA)& =73}
Atk 2 A5 (Total Titratable Acidity, TTA)= 5 g2 2&
I EES pH 852 HAst=d 223 0.1 N NaOHS
FE SATo=ZA ALttt

& E2d= gE ¥ & SelErol= g £
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0.125 mL9] A|5E Y-S % 05 mL Folin-Ciocalteu’s A] S
2l 3% o 1 mLe| Na,COsE 71 ths A0 A 303
B9k AR WESAIZ T 30820 AU £33 = A)(Sunrise,
Tecan, Salzburg, Austria)S ©]-&-3}¢] 700 nmollA] FF =S
=78t ALkt o m, g gallic acid equivalents(mg
GAE/g)Z YERNSIth & ZelHol= ¢S Zhishen 5
(B4 WHS Wt 3T AR 40 uLel 5%
NaNO, 6 LE #7}ste] 523F w3271 3 10% AICk
12 ILE E3sted 6827F W-3-A1Z] T3 1 N NaOH 40 LS
71et & B335 Al(Sunrise, Tecan, Salzburg, Austria)S
o]-83te] 510 nmol| A FBEE SAIAUTE TS rutin
equivalents(mg RE/g)Z YEIYSIT)

DPPH 2iC|g 275 &3

DPPH &}t]Z AA5S o|Zd R WH(E5360S &
=2 43319tk DPPHS ogk2o] f31A1# 200 uM
DPPH &85 A3 AFE-3I3AT 96 well platedl] A EE
FEHEE 40 LA £33} 200 M DPPH £ 160 ILE
78 & 3087 37C 2] Aol wHSAIZ T 308 &
Hk-g-o] L E3333 % A|(Sunrise, Tecan)S ©]-8-3}] 517
X FREE 310 LASS AlLFSHATE Catechin
< FHETE AESHATH
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2P LEZ] ABTS g2 &75-& o] Aol Batd
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ABTSS} 245 mM Ko$:055 &3l 16413F <k fhz71o]
HA3ATE 16417 F ABTS 8912 ODgke] 0.700+0.005
o] =5 SFTE S4ste] ARgstalth F3lol ABTS

o F 100 pLs Esto] AEolA 283k
HS-A1Z1 & B3 A(UVIS00, Shimadzu., Kyoto,
83t 734 nmol| A SBEE ST ZH &

A& ARreATE FeET O = a-tocopherolS AH8-3}

ESRZ 0|&%t alkyl 2|2t A7 &H

Alkyl 22 2AGLE 7|80 HiE =5 Falst
of =243} tH38-40). 20 L distilled water, 40 mM AAPH,
40 mM 4-POBNZ} AR & 712} 20 LY A U2 3 71sted
37C 254 30%3t §HAIZ T ¥hgo] 4
capillary tubeZ &7 €& & 2o}l & F, electron spin
resonance(ESR) spectrometer(JES-FA200, JEOL, Tokyo,
Japan)Z S35} th. 52712 magnetic field 336.000
mT, power 7 mM, sweep time 30 sec, sweep width 10 mT,
frequency 9.43 GHz, modulation width 0.2 mT, amplitude
500, time constant 0.03 secC. 2 A3t} A ZTFL
2 catechin®] A= AT

Gas chromatography-Mass(GC- MS) £41

Gas chromatography 41> ATt 35 AEEFH
o] B39 GC-MS(QP-2010, Shimadzu Co., Kyoto, Japan)
S AHgate] =T GCMS A4S 9J8), 0B ex =
60°Coll A 3837 frAIslaL £ 3TH 52351 90°Col| A
153 §X89 a1, Al B3 4TH 5231 130TColA
1323 F AT o] &, 23 10CH 180 C7HA] -3t
3 5TA 210C7HA] 23t 223 FrAgh & #9 10T
A F23ke] 300 Tl A 381 Ao ZH 498 vli-g
I GC -2 Rix- SMS(30 m length, 0.25 ym diameter,
0.25 um thickness)& A& &8t 7tae AES AMS
3FA o1 total flows 1 mL/minC. & £4S 23439t
ANE FY L5+ 250C, transfer <5+ 280CE A
o1, scan modeZ 40~800 m/z H$IoA EXIHTH
GC-MS #4& F3to HE" a9 48 54
Willey 9 library databaseS ©]-8-3}o] 4~3)3}%1 11, library <}
A7} 85% o3 SFET TS AT SHE FE
o] Rz 929 intensityS 7|F 0.2 HA 1] =0
A Z+ 937t 2R EHE BES 7o g A&k

High performance liquid chromatography-Mass

=
212 Shimadzu prominence UFLC(Shimadzu Co.,
Kyoto, Japan)E ©]-8-3st Fa3tAth HE7|2= SPD-
20A UV detector(Shimadzu Co., Kyoto, Japan), ZH-&
Shim-pack GIS(250%4.6 mm, 5 um ODS, Shimadzu Co.,
Kyoto, Japan)S AH8-319TE AE 342 UV 271 nm, ©]%
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/& 15 mM Potassium phosphate in water(pH 3.50+0.05,
adjusted with phsphoric acid) : Acetonitrile = 83 : 17 (v/v)%]
291 o £3HOP, H5L 10 mUmin, A5 FUFE
20 UL 3}of FA st

HTFN AN

O 1

Theobromine 3£55%3 caffeine E53%-2 15 mM potassium
phosphate in water®l] =] Z}2} 500 pg/mLe] ¥+ A4S
W=, o]5 tHA] 15 mM potassium phosphateS ©]-8-35}¢]
3)293}0 24 A}8-3}9T}. Theobromine-2 20, 50, 200, 400
ugmLe] FEZ, caffeine 5, 10 50, 100 ng/mLe] &%
Mo, 7 &9 20 uLE HPLCOl| FYstd Vet
chromatogram ‘9] peak HA& 7|Fo2 HF HAHFAES
Zd skt

H
A
i

SAH Xz
AFLE 33 W Faste] Hax| et FFAAE YER]
a1, 594 HELS SPSS(SPSS Inc., Chicago, IL, USA)S

©]-8-3Fe3 ANOVA one wayZ F~3§3}%3Th

pH 2 H™HAT =X
L plantarum CK109) 9%k 2Z35] @G oA A7t &
pH 2 AHNES 248 ke Fig 1] Ueele, Bas
2135} pH 2 2 AAHANTE =A% Ay 228 9 44]
WA pH7} B3 el AR AR BT 2
15T, 4417r0] Ak o] F 24ARMA] 1 Zel
F o) Z3F Zof
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Fig. 1. Changes in pH and titratable acidity of chocolates through
the fermentation for 48 hr.

-@-, pH; -O-, TTA. Values are meantSD (n=3).
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L P]antarum CK109] 9J3gh g i%%l/] Z 4=
SheF F ZEfRo|= RS Table 13 2} WHasHA|
oo 2Z8 inis|A A 8AIReIA frof A o] 4
HE S71E AT 4= A A TH(p<0.05; Control, 5.47+0.36
mg GAF/g; 8/\] 7Y, 6.3410.12 mg GAFE/g). & 244]7ol| 4
g 8AITE the] 1 §Ho] 1914 E R o A
2 1}(p<0.05; 8AI7L, 6.34+0.12 mg GAE/g; 2447}, 5.19+
023 mg GAE/g), & 31#] 93 2280} nlwslge v
M2 FARE F gEUS T = AAthp>0.05;
control, 5.47+0.36 mg GAEFE/g; 24*]7}, 5.19£0.23 mg
GAE/g). & 24| 7tell A ER1E ZEjdls e I8
RAIZNA A E AoZ AARY F FTEE0l=
TS BE T RAIA FrolF ] Wl glo] 978
A frAEE o2 FRIHAUh

Table 1. Total polyphenol and total flavonoid contents of
fermented chocolates

Total polyphenol Total flavonoid

Fermentation time (hr) (mg G. AE! /g) (g RE”/g)
0 547£036” 3.23:0.30
2 52540.13 3.06£0.36
4 5.69+0.33 3.46+0.62
8 634:0.12" 3.5310.34
2% 5.190.23 3562023
R 5.38£0.09 339:0.33

1)GAE gallic acid equivalent.

RE rutin equivalent.

MWalues are Mean+SD (n=3).

“The statistically significant differences are presented as p<0.05.
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W 56.04%+4.01, 'TH 244]7to] AHtS o] 42.09%+6.84,
g A7) AS w) 47.17% 2,182 S H ek wE
8AI 7t A A3 =718kl W DPPH )z A7 %50] B a
24X 7 A -2 0 2 7HaEt e (p<0.05, 8A1ZE, 56.04%
+4.01; 24A13F, 42.09%+6.84), ©]23F vl AJZtol] w2
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S| gk 2Zely BE ARUE wE 2HE-S Bl S
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Fig. 2. DPPH radical scavenging activity of chocolates fermented
by L. plantarum CK10.

M, 200 pg/mL; [, 400 pgmL; [, 800 ug/mL; [77, 100 uM. The appropriate
amount of catechin was used as a positive control. Values are MeantSD (n=3).
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2tz &75-2 Fig. 3o YeRSIth 941 DPPH 2|z
27152 FARSHAl A& 8AIZE tiR] E 24417 A <]
2 9] ABTS 27 &A% 747 G215 Atkp<0.05;
8AIZY, 63.53%+3.71; 2417t 53.24%+2.33). 12y} &S}

& 2FEQ control?} T+ AIMHY] WA MRS 22
, ABTS 2}tz &7 5ol st /214 o7}
102 915 thp>0.05; Contorl, 57.89%+3.35; 84|
, 63.53%%3.71; 24417}, 53.24%+2.33), 0|5 Bl 2F
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Fig. 3. ABTS radical scavenging activity of chocolates fermented
by L. plantarum CK10.

I, 200 pg/mL; [, 400 pg/mL; [, 100 pM; [, 200 M. The appropriate amount
of a-tocopherol was used as a positive control. Values are MeantSD (n=3).

Alkyl BIC|1Z 2HSs

L plantarum CK10°] 2§+ 48 2F319] Alkyl o]z
2768 Fig. 48 2t) 2E A 61.48%+11.182] A7A%5S
Hol= ZFH| et 24t LEE AYPS}AS W
57.44%+7.94, 417 D EE YIRS w 56.36%+12.90,
8AIZE I EE WSR-S Wl 65.77%+7.77, 24Xt HEE
P35 9S W 61.67%+6.85, 32417 LEE W3PS

o 63.63%%4.629] £2ATS YT F JJY A &

e

o

o
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Alkyl radical scavenging activity (%)
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Fig. 4. Alkyl radical scavenging activity of chocolates fermented by
L. plantarum CK10.

W, 150 pg/mL; [, 300 pg/mL; £, 10 uM; [, 20 uM. The appropriate amount
of catechin was used as a positive control. Values are MeantSD (n=3).
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Gas  chroretogeaphy-mess  specirumitt
liquid chromatography& 0|8t 4& 24
L plantarum CK10°] oJ3F 23251 W&ol we A7 =
o] W3l= Table 27 2t} '1a7} 2ol we} Zrkt
x4 HE 2HEQ) Lactic acid®] peak W2 %7} 5718
= AE gRlsth A8l digte =2 FFES Hole=
3% © 2= HMF(Hydroxymethylfurfural), xanthosine, caffeine,
theobromine 5-¢] A& Atk HMF= 2% 718 Foll 24
3t 2 S SA% e ARE ARHe 228 B M
AZE N HEE = AEo|tH43,44). Theobromined}
caffeine-2 xanthine =% ¢] methylxanthine & S Z A
2289 Y8 Theobroma cacaos T3t YE

Hghperformance

10 ox

-

g 4HA Jqth4s5). E3] theobromineS  Theobroma

cacao®] WXEZFQA EZFE £#3Itl.  Theobromine

caffeine S A 7ZA 2] TES FE3to 2 o8 A3 =
[e]

alkaloid®] 99%E AFA|SkaL 910H, cacaod] ¢=5tel| 7|4k
s

&S dodled], ATy 42 TS 53 AAlEE,
A EH 3], ol g Fo] HilEo] 9lTH46-48).
GC-MS 4] A3}E Table 20 YRt nle} o] 22819
HEAQ 74 AE2] theobromined} caffeine, theobromine
o] H7A|Q] xanthosineol] gk Q1 AErI7} Ea 7}
el wel Waleta QorZ HPLCE o] 8319
theobromine™} caffeine®l] ™3t A EAS 4393}
HPLCZ ©]-&3} theobromine™} caffeined] F & £41 Ay}

Table 2. Compounds identified from fermented chocolates by using GC-MS

Fermentation time (hr)

Compounds 0 2 4 8 24 32
Area %

2-Fluoro-2-methylpropane 034 0.28 0.24 0.16 - 0.09
2-Butan-2-ylsulfanylbutane 111 1.02 0.96 0.86 029 025
Diacetone alcohol 2.59 2.34 2.34 2.18 L1l 121
2-Furanmethanol 1.05 0.86 0.89 1.08 042 0.38
1,4-Dioxane-2,3-diol - 1.24 121 1.10 - 0.46

1,2,3-Propanetriol 1.42 0.68 0.61 0.57 047 -
N,N-Bis(2-methoxyethyl)methylamine 197 141 223 2.63 225
Lactic acid - - 13.36 14.88
2(5H)-Furanone 042 0.26 027 0.28 031 027
1,2-Cyclopentanedione 1.62 1.44 1.30 132 0.78 0.70
3-Methyl-2,5-furandione - - 0.19 0.19 0.13

Allyl formate 0.89 0.75 0.74 0.79 0.77 0.61
2H-pyran-2,6(3H)-dione 0.52 051 048 045 0.34 031

Dimethyl-ester-hydroxy-propanedioic acid 053 0.25 020 020 - -
2,5-Dimethyl-4-hydroxy-3(2H)-furanone 0.55 0.39 0.25 0.52 045 0.39
5-Methyl-2,4(1H,3H)-pyrimidinedione 329 7.25 1.81 254 359 3.15
3-Buten-2-ol - - 0.46 0.25
N-Ethyl-N-nitroso-ethanamine 0.60 0.55 0.53 0.75 0.37 0.29
3-Hydroxy-2,3-dihydromaltol 1.44 1.37 146 1.80 0.74 0.61
Benzoic acid - - 0.18 0.10
5-Hydroxymaltol 1.05 091 093 0.95 0.75 0.58
1,2-Benzenediol - - 0.53 045

HMF 2327 2091 19.23 20.02 1115 9.14
Xanthosine 6.44 8.61 829 9.40 19.16 2274

Caffeine 14.34 12.44 12.96 1291 9.20 9.04
Theobromine 15.66 11.55 14.87 16.16 20.14 20.03
Pentadecanoic acid 0.28 0.44 0.59 0.46 238 2,62
(Z)-9-Octadecenoic acid - - 0.39 057
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Table 3. Theobromine and caffeine levels in fermented chocolates

Fermentation time Theobromine Caffeine

(hr) (mg/g) (mg/g)

0 6.16:0.77" 199022

2 6.69+1.99 2.1040.35

4 6.47+2.36 2.05+0.45

8 6.50£1.34 2.08+0.22

24 4.30£2.74 1.43£0.58

32 6.45+1.54 2.07+0.23

"Values are Mean*SD (n=3).
e o

Lactobacillus plantarum CK10S 83t 238l utg
g Fyshu waEe] Fust B4 L YR WIE 34
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249} 4NN A1 328 Uehde). Zeles e
WE AHEe] o] B Yol L AOE Py
WE BAA S Fos o BAE BE AT 7
FAKR Fgol SRlsiton), Fehuteols g w ¥
& AT FARIL FARAT G B4 AEE
DPPH 2}t]Zh, ABTS 2}t Z, Alkyl 2t Zo] g &A%

S i, HL@} FEole 2F8 9 53 2
27%°] FAES sk GC-MSel 23 A&
S Y3t S o, dE Algte] Aol whe lactic acid

837 2237 4B (2016)
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