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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%y), theobrome (20.0%), lactic acid (14.9%), HMF (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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B Ao AlgE 2ZF8lS (F)A| 7] ~(Jekiss Co., Ltd.,
Jeju 2] 15 BAIFE vloZ AxH Aoz, de 10%,
F3of 8 20%, 2l 2FH 03%, HEEFY 6.7%,
AT 63%S ET3EZE A Z3}ATE Folin-Ciocalteu’s
reagent, gallic acid, rutin, 2,2-diphenyl-1-picrylhydraxyl
(DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt(ABTS), 2,2’-azobis(2-methylpropionamidine)
dihydrochloride(AAPH), a-(4-pyridyl-1-oxide)-N-tert-butylnitrone
(4-POBN), theobromine, caffeine> Sigma Chemical Co.(St.
Louis, MO, USA)9|A] #9431 2™, Lactobacilli MRS
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g E gy &g AZMEE pH 2 APANEE =
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meter(Thermo Scientific Inc., Waltham, MA, USA)& =% 3}

A
gl A8 ES pH 852 HH 3=t Z 23 0.1 N NaOHS]
oS Z3to =y AAkstgth

& EoldHe g2 ¥ & EelEo|E a2 &3
% ZevlE PR Cheng 5339 WS oz s
A 71k, 74 1.375 mLol
£ 92 % 05 mL Folin-Ciocalteu’s A b
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o

= o] 1 mLe] Na,COsE 7} tha A2l 302
Bt A HHEAIZI T 30%0] AU 33 = A| (Sunrise,
Tecan, Salzburg, Austria)E ©]-8-3l%] 700 nmol|A SF=E
S8t ALtstsl e, &eF2 gallic acid equivalents(mg
GAF/g) 2 YeRt) & ZetH o= &3F2 Zhishen &
(4o WS WYste] SAsATh Al 40 uLell 5%
NaNO, 6 uLE #H7lete] 587t BESAIZL & 10% AlCl
12 WLE &3tole] 633 WHEAIZ] T 1 N NaOH 40 1ILS
A7Vet & #3337 (Sunrise, Tecan, Salzburg, Austria)S
o] &3t 510 nmol|A FHEE S TS rutin
equivalents(mg RE/g)Z YERIT).
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DPPH 2iEjZ 2AHS &3

DPPH &tz £2A% S oA Hu¥ #3530 E
2 483ttt DPPHS o|gh2o] £3]A17# 200 uM
DPPH £9-2 A& o] 218359t} 96 well platedl] Al 25
FEEE 40 yLA¥ 3431 200 M DPPH £ 160 LS
A7FeE & 307 37C] dol|A] wHEAIF T 30E &
Hh-g-o] L B350 %= A|(Sunrise, Tecan)S ©]-8-3}] 517
oA FBEE S5t 252 AL Catechin
< FHETF=2 AT

ABTS 2|zt &7 s 53

235 UEE9] ABTS &2 &A5E o] Ao Hau¥
WHGENS 45 Hyste] $3stsith ABTS £942 7 mM
ABTSS} 2.45 mM K$,0s5 £33 16417 Bt b7l
HAsE ) 16417 3 ABTS €92 ODAte] 0.700+0.005
o] =& FTHFTE g4t AT Fulol ABTS

3] A23d A4E (2016)

&9 900 ULZ} AlE 100 pL& E3ste] A2oA] 283t
HEeA17l T B3P =A(UV1800, Shimadzu., Kyoto,
Japan)E ©]-&-3te] 734 nmol|A] FHEE ST =ZH &
As= Akttt FANZTF S 2 a-tocopherol = AH8-5}
o
AA

ESRE o|8%t alkyl 2tHZ 25 £F

Alkyl 2t 27 5L 7|2 Hud =S s}
o] =735} TH38-40). 20 1L distilled water, 40 mM AAPH,
40 mM 4-POBNZ} A|2E5 7217} 20 i AU 2 3718k
37C 2504 3083 vhgAFTh Hhgo] U
capillary tubeZ &7 €& & "ol & &, electron spin
resonance(ESR) spectrometer(JES-FA200, JEOL, Tokyo,
Japan) & =431t} 24 2712 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 A%t} A WZ2FL
2 catechin®] AF&-F]UTh

Gas chromatography-Mass(GC- MS) &4

Gas chromatography 412 ATt g F 5T AHFH
o B3¢ GC-MS(QP-2010, Shimadzu Co., Kyoto, Japan)
S Abgsle] ekt GOMS B4 Qe 0B Lx=
60T 3E7E FAl8ka £ 3TH 523t 90Tl A
B2 fA8A 3, oA B 4TH 523k 130Tl A
1E3E A8 ©] 3, B3 10TH 180 C7HA] 523},
£F 5CH 210C7HA] s3] 223 FA8 & 29 10T
A 28t 300TAlA 323 Ao z2H FA48 vHte
3tk GC Z#-& Rix- SMS(30 m length, 025 ym diameter,
0.25 um thickness) & AH&-3ITE 29 7k AES AHS
3191 o1, total flowE 1 mL/minS. & ¥4-S 734}t
A7 F9Y L2 250C, transfer ==+ 280C 2 A% 19
O scan modeZ 40~800 m/z WY lA EASFTH
GC-MS #4& F3td #AEd 939 s 542
Willey 9 library database® ©]-8-3to] =83} 11, library <}
FAIE7E 85% ©]74<] SitERE B8t 49 sshE
o] AE-2AHE B A9 intensity S 7| F o2 A A ¥ A0
Al 7} 337 A sk HlES 7IMe R AFESHTh

High performance liquid chromatography-Mass
=4

ZZg] TFAE A 9] theobromine®} caffeinecl] o &
% 22 Shimadzu prominence UFLC(Shimadzu Co.,
Kyoto, Japan)& °|-&3t] Fastdth. A&7 2= SPD-
20A UV detector(Shimadzu Co., Kyoto, Japan), A&
Shim-pack GIS(250%4.6 mm, 5 um ODS, Shimadzu Co.,
Kyoto, Japan)2 AHE-SFSATE & 932 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)Q]
£918 o] L3R O], HLE 10 mLmin, A B FUFL

20 uL= sto] 4 o}%i‘:‘r.

EZE ATM TY

Theobromine =%} caffeine %2 15 mM potassium
phosphate in watero]] =] Z}z} 500 pg/mLe] ¥+ £9-S
THE 31, ©]2 tHA] 15 mM potassium phosphate S ©] -85}
3| sto 24 AFE-5S T} Theobromine2 20, 50, 200, 400
ug/mLe] FE=, caffeine 5, 10 50, 100 uyg/mLe] F==
sjAatglom, 7k g9 20 ULE HPLCOl| F3sto] Uehd
chromatogram 2] peak WA S 7|F 02 X5 7 FA S

g,

SAHXZ

AE-e 33 vhE Fefate] x| 9 FFAALE UER
2, FoAd 35S SPSS(SPSS Inc., Chicago, IL, USA)E
o]-&-3lef ANOVA one wayZ 33} th

247} g
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=
pH ¥ HIYAL =X
L plantarum CK109Y &3t 2F3 T g oA A7t 2
pH 3 AN E 4¢3k R 10 Yehligich 28 s
Z1gsh pH B AEE S5 ¥, 238 TE 44
A pH7Y A AF At A4 A Svbske A
AT 441 7to] Ad o] F 24ARWAA] 1 k]
Zo] F43] F7let om, 24A|3F o] & ThA] F3F Fo]
Zrolxl A A = Atk ol & EU=E L plantarum

54 ¢ 116
5.2+
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44|
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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).

41743} 24212k Aol el A]
3, 0% QG sFon FAHE

Z Zglols &=, & ZEetEol= &

L plantarum CK10°] 2|3t &g 2Z8l] & Zeld =
F3} F Tehio|= L Table 17} 2o wastA
e 223 e g ATt feold 2] 2
HE S7HE &9 4 AR Thp<0.05; Control, 5.47+0.36
mg GAE/g; 84|17}, 6.3410.12 mg GAE/g). '&& 24A] 7ol A
W 8AIRE ] 1 FHeko] o)A o ot 4SSl
S 1}(p<0.05; 8217, 6.34+0.12 mg GAE/g; 24A1%t, 5.19+
0.23 mg GAF/g), &3] &2 2233 vlwall S ue
ME AR Ao FEd S S0 & AT p>0.05;
control, 5.47+0.36 mg GAE/g, 244 7&, 5.19+0.23 mg
GAE/g). &H 24A3to| A Rld Eejulls ke 2E
AN fFAE = Ao ® AAZIY F SefE o=
TFS R T AR Fol A 2 W3} glo] €3
sl frAlE e o SlEI

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.

Walues are Mean+SD (n=3).

“The statistically significant differences are presented as p<0.05.

DPPH =it|Z &7s

DPPH 2o}z & Hepao] vlwa Pyt A 2ir]
%i/ﬂ ascorbic acid-t BHAS} #-& gH4ts} 4o o)
geo] metdo g Gl 545 gttt B AT
A= olelet EAS EWE DPPH gftZ &7 5s WA

49| MstsE Wrsh] fdk A=A E8sta 9l
(). L plantarum CK109°]| 2]+ 223 @ gl -2 DPPH
gz &A% Fg. 20 YERITE HRHA| & 2T
S g Al 228 4HEe] tiste] DPPH F/}Dl =
a Aa A3 2E A 46.90%14.599] ~ASS
L vy 2A)7to] AkE o) 44.54%i5.95,
3o wf 5248%+6.32, LE 84| 7to] A|wES

o =3
o= ——y
Hols =&

kg 4A)7bo] A uh



of

580 = A EA A5

W 56.04%+4.01, 'WE 24A17F0] A kS Wl 42.09%+6.84,
ukg 3AIZEe] AWk uf) 47.17% +2.182 1 TE
8A 7t A A Z7}3l9lw DPPH holZt &7 %o] WHa
24417l A oA o2 7HAstel =l (p<0.05, 8A1%L, 56.04%
+4.01; 24A13F, 42.09%+6.84), ©]213F HloF A|7kel] whE
DPPH &% 2A 59 42 & Zeve a3 54
FdTt dA g o) ksl 283 Zelvee ekl
FHTA Ol #gh o] AFox(41,42) B whel ARG
Azfoln], mpeha] FE 2F8l 9| DPPH o2 A5 e
Zedls g Wl 71918 Ao s 4T 5 itk IR
A 92 2FBY BE AR OE 2HES v wsll S
uj, DPPH 2}tz &A 5ol tigh f9)4 3o Hsle
NN LM (p>0.05), °] & T3l 2Z31<] o]t DPPH &t
4 aAGe] HE FoE fAHE AE gl

100

— p>0.05

p<0.05

60 T

20

DPPH radical scavenging activity (%)

0 2 4 8 24

Fermentation time (hr)

32 catechin

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).

ABTS 2oz 275
L. plantarum CK109] 2|3t =38l &g o] w2 ABTS
gz 2752 Fig. 39 YeRfiSlth. ¢4 DPPH 2tz
2ATT AR TR 8AIZE tlu] ' 244 7ol A fre]
A $52] ABTS 2z 27 747t ER15 A chp<0.05;
8AIZY, 63.53%+3.71; 24A13Y, 53.24%+2.33). 12} W& 8}
52 2F81% control?t 7 A|ZtHe] WE AEE A
ABTS &tz 2750l tiste] f24 zpol7}
2 2152 tHp>0.05; Contorl, 57.89%+3.35; 84]
3.53%+3.71; 24A13Y, 5324%+2.33), o| & E3 2ZH
st @0 wi% HojdE oAl & W ZAF F
o, dgH 2Z8L 7|E 2289 $3 s}
Aoz AR

i 30 1o Py E0 T
g T s
w _
(PR T—‘(; FE

ox 2

3] A23Ad

A4Z (2016)

100 [

p>0.05

p<0.05

60

20

ABTS radical scavenging activity (%)

0 2 4 8 24

Fermentation time (hr)

32 a-tocopherol

Fig. 3. ABTS radical scavenging activity of chocolates fermented
by L. plantarum CK10.

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

Alkyl 2lC{& &Hs
8 2359 Alkyl &2z
2ATE Fig 49 2ot ¥E A 61.48%+11.189] &A=
l-l;_o]‘_ _._E?\C’ﬂ O]’O% 2}\]2_}' %Eg 78630]')\1\3 LLH
57.44%+7.94, 4~ 7t H‘EE 23R S uf 56.36%+12.90,
8AIZE B E S AP S ul] 65.77%+7.77, 24N HEES
283102 W 61.67%+6.85, 32A|17F LEE WP
HH 63.63%+4.629] 2~A%S Z%ﬂ%‘ I otk gA e
TR s iRV R B8 o= 2380 55
6& g 2AF0] FAEHL US5S A3

-

o

(=}
1

80 -

60

40

20

Alkyl radical scavenging activity (%)

0 2 4 8 24 32 cCatechin

Fermentation time (hr)

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 chromatography-mass spectrum} High-performance
liquid chromatographyE& 0|88t M& 24
L plantarum CK109)] 2]+ 228l dtgo] w2 48 24
o] ¥ish= Table 27} 2t} W& 7} 18 Hol| whe} AAkte]
FAQN R 49l Lactic acid®] peak WA %7} S7Fst
AL IRlstAnh Alzol tste] w& e Hole
JH-© 2= HMF(Hydroxymethylfurfural), xanthosine, caffeine,
theobromine ‘5-°] AZE Tl HMFE 2 & 718 Sl &4
S A¥E Sl AR A e 228 we 7
AZEEA HEEE Al Fo|th43,44). TheobromineZ}
caffeine< xanthine =321 methylxanthine % 3l }ZA]
zZ2lo] Y89 Theobroma cacaos T3t Y&

r 2

>

o dHA Ythds5). E3] theobromineS Theobroma

alkaloid®] 99%E AFA| 8}l 3.2, cacao®] $&5kel] 7103k
Z 1

ol

cacao®l WEZAQ EFA=Z £33ty Theobromine™h
caffeine= 21747419 S-S FEFo=2H o A4 %
45 dogled, A2T 2429 TS B3 A AE,
A e 2, ol AE Fo] HiE o] ITh46-48).
GC-MS 4] ZA 7= Table 20 Ve b} o] 2FEl0]
NEAQJA T4 AAE<Ql theobromineZ} caffeine, theobromine
o] A1 xanthosineol| Tt A1 &4 7} L& 7}
Aol wel Wslsln gleBE HPLCE o &3k
theobromine®} caffeineol] Wt & BAS #3319t}
HPLCZE ©]|-&3} theobromine®} caffeine®] 73 & 4 A3},

¢

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).
2 o

Lactobacillus plantarum CK10< &-835tc] 223 o8
£ Fasta Hai=e] kst &g Bl AR HskE 54
stk 229 &g AHEC] pHE ©E Al7te] Aol wet
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DPPH 2}t]Z, ABTS 2t Z, Alkyl 2hc]Zo] th3t 7%
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