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: Cacao beans are rich in polyphenols and flavanols that have

numerous positive health benefits especially related to
cardiovascular. In this study, the cacao pods were
purchased from local farmer at Ping-Tung county in Taiwan.
The cacao seeds were fermented in a wooden box for 7 days.
Half the fermented beans by oven dried at 50°C and the
other by sun dried for 7 days until the moisture content of
cocoa beans reached 6-7%. The content of cocoa flavanol and
procyanidin(FP) (Degree of Polymerization 1-10) were
determined by normal phase HPLC. The results showed that



o M

the levels of FP in oven dried beans and sun dried beans
were 55.91+2.82 mg/g and 49. 27+2. 49 mg/g, respectively. The
effects of different drying methods on the content of FP of
Taiwan unfermented cocoa beans were conducted. The results
indicated that the beans by blanching drying has the
highest content of FP(68.94+2.37 mg/g) and the beans by
direct sun dried has the lowest level of FP(32.53%1.10
mg/g). This study also compared the FP content of Taiwan
bean with the different country origins. It showed that the
FP( content of Taiwan bean by oven dried is significantly
higher than the other countries in the range of 34.06+1. 21
mg/g and 47.33+1.70 mg/g at p<0.05. This study also
investigated the influence of the roasting conditions of
cocoa beans at different roasting temperatures (110, 130
and 150°C) and roasting time ( 15, 25 and 35min) on the
cocoa bean flavor and quality. The results showed the FP
content decreased with the increase of roasting temperature
and time, from the highest 55.30%1.95mg/g at 110°C and
15min slowly declined to the lowest 19.12+0.66mg/g at 150°C
and 3bmin. The kinetic study showed that the FP change in
cocoa bean is according to the first order reaction and the
reaction rate constant complied with the Arrhenius
equation. The value of frequency factor (k0 ) is equal to
19930 min-1 and the activation energy (Ea) is equal to 11.2
kcal/mol. The sensory evaluation for the above 9 chocolate
products indicated the bean baking at 130°C and 25bmin with
the highest acceptability by 44 panels. In addition, this
study also investigated the effects of inoculated different
microorganism strains ( the strains includes natural
occurring yeast, Acetobactor aceti, Saccharomyces
cerevisiae, and Lactobacillus plantarum, respectively) on
the cocoa bean flavor and quality. The results showed that
the bean fermented by natural occurring microorganisms has
the highest levels of FP (44. 38+1. 74mg/g) and the bean
fermented by inoculated Lactobacillus plantarum has the
lowest levels of FP(43.17+1.73mg/g), but they are not
significantly different (p>0.05). In addition, according to
the flavor analysis by electronic nose and primary
component analysis, It showed that there exists a big
difference among these cocoa beans fermented by different
strains.

Taiwan cocoa bean, fermentation, drying, NP-HPLC,
flavanols, roasting, kinetics



PREBIGR AR CBEATVERT S RBIBEAL R LB

BEOREHEA LML FRELF BB E c AP RV Y ELT A AP

L * g g AR 50 CiglE > v - i:b,ﬂ AR PRI TR kA SRS

39 6% e 1 Ap HPLC 3 i & 49 ikl = 48 1) 10 A n3 £ o i%f‘@p—‘rﬁ‘—‘ﬁ%& 50 “Cic %

TV 22 5 fEZ ® 0 % 55.91#2.82mg/g A P W#LJ#“’“’E s s B 0 % 49.2742.49 mglg -

BTROFHATTRF I EEM D ERIOR(S #‘”‘fwﬁ‘ BhGCEEp %ﬁ#)@??éz%.’é#ﬁ%
o)

\rt \F‘b

AAFEMRCEY > FRTTFEML TR u&—g— 50 % B B £ 68.94£2.37 myg/g > # kb 32
% 2. % 51.11+1.77 mg/g - Bw’iLJ#&n%a3253+llOmg/g°rﬂé‘@l%\ﬁw‘ﬁ R AR &
5 * EpH A

FCET T B A L3754 bR HIEARN T FRX AL RELSTT ERT T
710 FAehg € 2 5 8§ F 2 34.06£1.21 mg iJ 47.33+1.70 mglg 2. F¥ o i % kg%
FEERRICHET VRO 2R EHF O RN T VT 2 (p<0.05)° 5 7 o HT
BAIPEFE T o § R F R en® ) 0 BHE A A S 1100 130 47 150 C

£ 155254c35mine %A 7 F %M EEF R EEREEER SR e B0 o KB
55.30+1.95mg/g(™:8 110C - 1 min) % "% 1 19.12+0.66mg/g ( % iF 150°C f= 35min) o & *=fg % i 9
B4 BT Ry 27 E R \ﬁi’— SRl ik SR R M I?‘Lﬁdﬁl‘viﬁ%ﬁ fi L=
#2.;% (Arrhenius equation) o 18 5| e % #ic Ko(4F & F]+ ) H & % 19930min™ £ & r@, ‘i Ea 3 11.2
kcal/mol o 433508 > A28 7 0§ »23 FRR - P E I WHERT TV B g B ST E o
-t i O fEF R R e IR T2V T 2 QTS OB TO%R T A i'@“’ﬁ P 3
&?Qﬁ’ﬁ%ﬁﬁ1%%%mmﬁagﬁﬁaﬁ %*W%iﬁ%ﬁﬁﬁﬁiiﬁfﬁ&4ﬁﬁ
T AT THFEHRAIRFEHE S LAV E %‘r PR B R AR 4 RS o W RS
FE BILOA R ALY (AR, BET B RE R R A fE ARG e iR RS 5 417

2
[EI I

LR A )

.
v/
-

E
R
B

j:.

"]\

4“%&%)’-%5‘%% oS R P a RN pﬂﬁérﬂ’?ﬁ"’j? 2HF {"‘ﬁgm; T ;kétg'bﬁgﬁi%ﬁ;ﬁé%
TV e AL 43171.73mglg > M p ARE FLFRETY T E 5B 5 44.38+£1.74mglgc X R G EF LB
(p>0.05): 1% T+ & 7§ AA TR ® 2 & P ATHEIRT P FEY T —agwcﬂ P A
}?’ o

M&%i ‘;‘??"’r ,Jﬁ»ﬁ%,;m *BHPLC .:\%J%ﬁ%,”._u f"Jﬁ‘



Abstract

Cacao beans are rich in polyphenols and flavanols that have numerous positive health benefits especially
related to cardiovascular. In this study, the cacao pods were purchased from local farmer at Ping-Tung
county in Taiwan. The cacao seeds were fermented in a wooden box for 7 days. Half the fermented beans
by oven dried at 50°C and the other by sun dried for 7 days until the moisture content of cocoa beans
reached 6-7%. The content of cocoa flavanol and procyanidin(FP) (Degree of Polymerization 1-10) were
determined by normal phase HPLC. The results showed that the levels of FP in oven dried beans and sun
dried beans were 55.91+2.82 mg/g and 49.27+£2.49 mg/g, respectively. The effects of different drying
methods on the content of FP of Taiwan unfermented cocoa beans were conducted. The results indicated
that the beans by blanching drying has the highest content of FP(68.94+2.37 mg/g) and the beans by direct
sun dried has the lowest level of FP(32.53+1.10 mg/g). This study also compared the FP content of Taiwan
bean with the different country origins. It showed that the FP( content of Taiwan bean by oven dried is
significantly higher than the other countries in the range of 34.06+1.21 mg/g and 47.33£1.70 mg/g at
p<0.05. This study also investigated the influence of the roasting conditions of cocoa beans at different
roasting temperatures (110, 130 and 150°C) and roasting time ( 15, 25 and 35min) on the cocoa bean flavor
and quality. The results showed the FP content decreased with the increase of roasting temperature and
time, from the highest 55.30+1.95mg/g at 110°C and 15min slowly declined to the lowest 19.12+0.66mg/g
at 150°C and 35min. The kinetic study showed that the FP change in cocoa bean is according to the first
order reaction and the reaction rate constant complied with the Arrhenius equation. The value of frequency
factor (ko) is equal to 19930 min™and the activation energy (E.) is equal to 11.2 kcal/mol. The sensory
evaluation for the above 9 chocolate products indicated the bean baking at 130°C and 25min with the
highest acceptability by 44 panels. In addition, this study also investigated the effects of inoculated
different microorganism strains ( the strains includes natural occurring yeast, Acetobactor aceti,
Saccharomyces cerevisiae, and Lactobacillus plantarum, respectively) on the cocoa bean flavor and quality.
The results showed that the bean fermented by natural occurring microorganisms has the highest levels of
FP (44.38+1.74mg/g) and the bean fermented by inoculated Lactobacillus plantarum has the lowest levels
of FP(43.17£1.73mg/qg), but they are not significantly different (p>0.05). In addition, according to the
flavor analysis by electronic nose and primary component analysis, It showed that there exists a big
difference among these cocoa beans fermented by different strains.

Keywords: Taiwan cocoa bean, fermentation, drying, NP-HPLC, flavanols, roasting, kinetics
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R enfg > s A fef- A e TR sk?”fu}@»ﬁ GEAZ 168 [ PF o 2T kMY BENE R R
WheRE SR SR REAPEERF F 2 A2 ﬁhﬁ;*’" 7 A o - A ] A R
FRARAA S - A E LT - Rk R A RARAEN R FE T - F Ak
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2.4 ¥ F B arE
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10-120 » 48 o A7 HA|* i B e W REX T R FEFE N TEA A0V T E > BEF SHERA
Ll F_110°C » 130 C % 1507C - ¥ e F o 4wl i 15 25 27 35 4 o & S #4542~ 1000 = 5o e
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2.5 A RFMFVVEIER F > R FZ BREL S BE FT

2.5.184%4

1.5 f A% % & MRS 2 MRSA 2 % A (Hi-medium, India)

Z-ﬁﬁﬁrﬁﬁi—g%%:Mamnitol Agar (MA) : Yeast extract 5 g~ Peptone 3 g~ Mannitol
25 g~ Agar 15 g ~ Distilled water 1 litter) ; Mannitol Broth (MB : Yeast extract
5 g~ Peptone 3 g-Mannitol 25 g-Distilled water 1 litter)

3. FE A AYMB, YMA (7 1.5%agar)

yeast extract (FE# # 11%) 1% 74 20% > Soy peptone (v *2) 1%

2.5.2 &%,
1.DNA #iv 2 % : Tissue and Cell Genomic DNA Purification Kit pp GeneMark



(Georgia - USA)
2.PCR % & : ExSel High Fidelity DNA Polymerase ~ dNTP ¢ ftp Bertec (Taipei -
Taiwan)
3.100 bp DNA Ladder ptp Bertec (Taipei ° Taiwan)
4.5 x Tris-borate-EDTA (TBE) buffer :
#- tris base 54 g (Amresco) -~ boric acid 27.5 g (Ajax Chemicals)~0.5 M
EDTA (pH8.0) 20 ml (Fluka): 4 » Distilled water = 1 litter-
5.1.8% Agarose gel:
#- agarose 1.8 g (Serva) #4c» 1 x TBE buffer = 100 ml -
6.6x Loading buffer:
309% (W/V) Glycerol ~0.259% (W/V) bromophenol blue ~ 0.25% (W/V) xylene cyanol
4v Distilled water = 100 ml -
7 .SYBR % 5k 4 |

8_PCR 3!+
A 3l 3 57,37 Primer £ R
LA £R (bp)
7 ] 16Sd  GCTGGCGGCATGCTTAACACAT 22 1458
16SrDNA
16Sr  GGAGGTGATCCAGCCGCAGGT 21
Yeast ITS3P GCATCGATGAAGAACGCAGC 20 1000
26S rRNA NL4  GGTCCGTGTTTCAAGACGG 19
E oA 27F AGAGTTTGATCMTGGCTCAG 20 1450
16SrDNA  1492R GGYTACCTTGTTACGACTT 19

PCR 51+ -16Sd/16Sr (Ruiz etal., 2000); I1TS3P/NL4 (Lopandic et al.,
2006) ;27F/1492R (Tanner et al, 2000)

2.5 3 E AL A

P-10g #FEF ¥ 21 MRS ¥ #Esp £ o7 s EY 2-3 B & ﬁﬁﬁ%@’ﬁ#* MRSA

-2%CaCOz3 Ak * BAFRA T2 BELAF - M3 £ w 53 > 35~-37Claig 44 ) 33 % 24~48h>

hinm ) FE RENEFEPBIZE - FF 0 BFHRRE G H - FE o 4 ulPE
F e AT MRS A3 & A > 37-40CHEE P 24 24~48h-2 1ml FHirE 1ml 4

EEFFRET X EF A -80TC 4R o

2.5.4 BEEAS

P 10g # 7 v 2 I Mannitol Broth(MB) ¥ sz % » L #3752 Fied 100l I
%+ i Mannitol agar (MA) plate }:gi7éiE o #Afpd kol - A% > 8% & Mannitol
Broth (MB) @ & F7 » #Fafzts -2 1 ml Fig 1 ml 425 HKRES > T %5 2-80
C wate -

2.5.5 pEs AU



LB RET ¥ &2 peptone water 23 > * & AR E AP & 10 mL 4~ B 90 mL
RF Rz £307 0 AN JRE > BRSO A4 TE 107 el SRR 0 RIS
PR R EAEI R R 0 E Y 23 Bl iR 4R PDA § 2 A
A A BHFHAT2 BELAF -3 r §E 2 25-30CREHP 3% 3-5 % BLBEE NETE -
BENEFHEPEZE- AR EFIRE A IR E - FiE oA NPEE - Fiiwre 5467 PDB
FHEEAoEERMES B 1 nl FHrg 1 nl 4P 2EFHKRES > & %5 2-80C 44
? oo

2.5.6 DNA 3B~

% * Tissue and Cell Genomic DNA Purification Kit- 7 L3 200 pl Fizdge
(8000 rpm) 5 445 > 4v » 4 pl e lysozyme (&% k&R 2mg / ml) & 37C #E 30 ~
4 > 4c » 200 ul = Extraction Solution %2 20 pl = proteinase K (&% k& 1 mg
/ml)> F T ER LSS 53 56C (T BN Eome At (AR AT RA RTRE ) 218
e~ 200 pl & Binding Solution &7 & F TH#H &R &5 >3 70C % 10 min- £
v 200 pl 5 Ethanol » F Tk » gkl & > &k wiE ~ 77 collection tube
spin column - 12000 rpm #.< 1 ~ 45 > %4 Flow-through: > * 300 pl # Binding
Buffer ;xjig > 12000 rpm &< 1 448> % Flow-through: & * 700 pl 3 Wash
Solution &3 =x » 12000 rpm 3.~ 1 & 45> F % Flow-through: i * &3 @ g 3 &
43 4% ethanol > #- column 2z} >t Arehgw ¢ @ > f 4 spin column > 60C 5-10 »
5% ethanol 3 > & &4 » 4 60-70C 150 pl =mElution Solution: #% 1-2 &~
4 L4 1 A& kiE®k DNA > #4749 % 22 DNA B 3% -20C 4 e & * o

2.5.7 PCR# W~ & :

M-rr 3B dhsg il AAB & Btk 2 HR 3 Fik2. DNA &7 16S Rdna % alcohol
dehydrogenase (ADH) =7 DNA 3t k& & o B~ DNAS pul # #54 > 4v » 2.5mMdNTP 2.5 pl -
10 x PCR buffer 5 pl ~ primer 1 -~ primer 2 (30 pmole /7 ul) 1.6 ul 2 5 U s ExSel
High Fidelity DNA Polymerase 0.04 pl > # & k2 %8 5 50 pl > i&i3 PCR F J& »
FREERL- 94C 5 481 %2 94°C40 sec # 4~ 26 B AR ZIF 2 Fa % ik 50 sec
4~ 48~72C 40sec ~4aief7 35 BTk &fen 72C a4F 10 A4 & r 4C m AL -
PCR 51+ s w5 16Sd / 16Sr (fppifF) ~ 27F / 1492R (5 EefF) 2 1TS3P/ NLA(EE+
FEFHEF & o # PCR 24 1 1.8% agarose gel * 1 x TBE buffer ¢ {7 g A4
#o B UV Box TRE -

2.5.8 PCR #& #i&{7 DNA z_F& :
W1 e 2 PCR A4 » 47 A £ A FREY e 7B (v o B A% 2 NCBI 2 P
ﬁ'ﬁt )" F"}IE-‘:‘ ';J?z‘\fﬂ’}’fﬁ’x 71 15’.1‘1‘1*‘5:4‘

2.6775. 4 i g
FERILTDE ) FALD BB RT LY RERET D RRER D k- %77
B8 DA A I 24 1 pE e T T LR SOWRIABES o A 24 R ES o T T

6



EEAEFALEIABC RS REIT27C LA E2 2CE FIFEERE* « MR = & 37
ot T R F WA HCE (40 mmox 40 mm X 4 mm) e fF T AR RN o R R
18°C % B B5% B R 3 7 X 18 1 187 iR 044 A SV RN IER B TT L 4 hgEd
heR 2 ERERLREFE S RS
2.7F F i bs A RIS F AL 5
AETHRAF RN BB RAMB ML et B kERG BT F
FRRTEF R MNP FRADRGTIE PRSI SRR E

2.8 & 7=+ % (Proanthocyanidins, PACs) 3 £ il
(N R
Br 0.2 g 53 AUT2 7 7 45 (CP)4e » 20mL90% 7 5 % ** 50 mL gt & ¢ > 3B T ARG IR T F
1) dpis®t i3 2 25mL > FEFTR2ZRTF EFRR -
()12 o s i
ﬁof_ Jk B 4~ % F0.01~0.025+0.05+0.1~0.15 ~ 0.20 mg/mL=Procyanidin By ? f%i% % °
g|B-1mL & k& hProcyanidin Bi® f#i3 R 2 VP2 RivF A X B0k 0 BT B EL BE Y o
RS A S 4 ~6 ML 7 AR/ ﬁfrxya /% (95/5,vIVv) 1r0 SmL 2%FrfadBissin i > v AR 3 (8 B A oRIFw IR
deF40minds > = T H T Rk P A Fr e B4 NMALE T 10 mmit F e T A kR BRI TARRREA
mddH 08 Z 9 SRR 0 - iﬁé}iﬁ»%%%—? o o B R R 235 £ AF o
245 & Procyanidin B3 ik sk B fr2r 2 o kA > WIFE RS & o
(3) 1k &= il
#-1mL 9 Procyanidin By 1 ;% { 4% & FRie 4 > &R -

2.10 % *=f% 2 & i~ % Flavanol and proanthocyanidin (Degree of Polymerization 1-10)2_ 7] =_

(1) iz #lu
%+ Counet £ Collin (2003):2> j2 ¥ 4e 2 g &F - B~ 0.2-0.59 2 "7 ¥ 4 » 12 50 mL 2 {5 fir/
KB A(70:28:2 0 VIV) BT R T ACH AR F F 1 %’ﬁuQﬁi%ﬁﬁmﬁ%’
U £ 1 S0 ML 2 FP AR BRI T AL IR R R - AP Hred ipoky o
BAFBREE g T RFLL00mML LSRR R EAEE R

(@EﬁHHCﬁﬁ
PR FOREA RIS RAR R RS 0.45um g iR (s 0 L HPLC S8 17 44T o 3 2 gz
3% > i 4p HPLC & 4% » # * ¥ 4127 0% i 4o (Rebecca J. Robbins, et al.. 2012)

® Column : Develosil Diol 100 A 5 um, 250 x4.6 mm (Phenomenex , Torrance, CA; Cat. No.
DI111546250W) or equivalent.

® Detection wavelength: UV280nm
Mobile phase:



(A) CH,CIl,/MeOH/H,0/Acetic acid(82:14:2:2 > viIv)
(B) MeOH/H,0O/Acetic acid(96:2:2 > v/v)

® Flow rate:1 mL/min

® Mobile phase gradient : 4r% 1

L1 A }Er?ii'?év\’]“r HdApiie R

Time(min) A% B%
0 100 0
30 82.4 17.6
45 69.3 30.7
50 12.2 87.8
52 50 50
55 100 0
60 100 0

2.10 2t ds
RET T HE W éLF iR 7 H TS % 2 #ich 4 (One-way ANOVA)fvt%ﬁ T kI
ATRELZITRFLE CHRIETREE S SRR R E SRR A F LT ()% 5 0.05-

o RBEREHEG
() AFFHEAREBEY VT EY sl dipes ‘;,E]'& ;%bfr;; » AR (T A G K S chgze o f1* PCR 43 +
w4 AL ¥ (ribosomal DNA) & # p #4715 % (ITS) » i2{7 % 7|4 #7(Lopandic et al_,

2006) > 1* GeneBank database i& {7 F 7" ¥ » Fail A B2 Fff o Bk 4ok 2 977 o
22 7TV 2H A F2 26S rDNA, 16S rDNA Ptk #4a R | A
Isolates | ldentified strains Genebank acc. Sequence
no. similarity (%)

YO1 Cacdia tropicalis EU543687 100
Y02 Saccharomyces Spp. DQ900942 100
LO1 Lactobacillus EF088327 99

plantarum

CEI)AFEETNARZAE "B B Rl CECE PRI RREED BV VR
Ricg % > FokS%4rd 3977 o B¢ 0 TO0%R fk 2 % & i > ¥ jaFd 34% 1+ o
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Extraction effect of total proanthocyanidins (PAC) in commercially available cocoa powder by different

solvents
Solvent Total proanthocyanidins, Recovery
PACs (mg/g) (%)

Methanol 43.09 15.39
95%Ethanol 47.05 18.75
Isopropanol 75.38 20.47
Ethyl acetate 82.80 13.59
100%Acetone 118.29 10.85
70%Acetone 219.11 34.11
n-Hexane 23.71 9.86

CG) "FRT7EH 7TV 25 = E 5 10 K7 £ 453

7 R RAE ¥ ¥ & (¢ 3 Taiwan, Venezuela, Peru, Nicaragua #1 Ecuador) it 48 HPLC = % &
i RlF e E M 10 Rz o BLIEAF %2 AcF 2(RER DP1—10)1J119 HPLC
AR e F R A TSR R 49TT o B AR 50 Cic kv v 22 %/ 2 £ 0 5 55.91+2.82
mg/g > @ p E?ﬁ’z:%#?? E2 FmsE o0 549274249 mglgc B REA T BRGTE E
Fl10 FAgenz £ 0 H 7 £ #2 [ & 34.06+£1.21 mg 7] 47.33x1.70 mg/g 2. /F - @ Hm% =% 2 R T
CF & R DP1-10)2 & # [ 4cRl 2 “77 G % M7 o B p BREFFFLARICET 7 =
FEHFORNRNT T 2(p<0.05) T RFIA o AT T BV RATHER R R ERE 0 L
LBy GREIFEEF RiFE AL

SO - : — ; —
By
(=]
o
EH
g
=-‘h
s+
=0
40 Ll
=
E ~
z =
20- | | =
= i
; E &
| | 2 £ w
. B oot
| =)
ot
(4] s 10 15 20 25 30 3s 40 as
minute

1 "PERBEFFARRBERICF 2 (CRER DPL-10)2 & 4p HPLC 4 45 Rl -



% 4. Flavanol and proanthocyanidin content in cocoa beans from different sources

Sample Results (mg/g)
Taiwan oven-dried 55.91+2.82°
Taiwan sun-dried 49.27+2.49°
Venezuela 47.33+1.70"
Peru 46.74+1.63°
Nicaragua 37.94+1.31°
Ecuador 34.06+1.21°

Flavanol and procyanidin (mg/g)

Taiwan oven-  Taiwan sun- Venezuela Peru Nicaragua Ecuador
dried dried

Country

Fig. 2. The detailed ( DP1-DP10 ) flavanol and procyanidin content of cocoa bean
from different country sources

(z) 2 Pi% > {7 7R =BEW 10 Rz 20E

PR GRS ERICR(2 R AR R D AR 6T T 22§ B s 10 K
B2 4o 5477 0 BT T R RAEL T E 0 UBRF SRR T B iE 68.94£2.37 mg/g » A
b ggf =t 2 & 51114177 mglg » p i b i1 5 32.53+1.10mg/g - 7 B & FI¥ i LM F EARY
P MEECAMEA RE T T RBEMII0EM AR B ORI Ry VR g WS
TS A ARR S AEFHIRICFIT VT B LI5S Dbk BEARY F FRX o o G375

ERE FEH e s f - £ 8 2 RAE
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# 5. Flavanol and proanthocyanidin content in Taiwan cocoa beans by different
drying treatments

Sample Results (mg/g)
Blanching and unfermented cocoa bean by .
. 68.94+2.37
oven-dried

Fermented cocoa bean by oven-dried 55.91+2.82°
Fermented cocoa bean by sun-dried 49.27+2.49°
Unfermented cocoa bean by oven-dried 51.11+1.77°
Unfermented cocoa bean by sun-dried 32.53+1.10°

( ) % FJLJ*lI*Iié\fﬂ'ﬂiiJ%ﬁgﬁgg Jlo.ﬁg\gt‘rmgig _‘;st
THET ATV E AT R, W}ifrfﬁﬁ‘*nrﬁr T FRE RO B R A G
LB

110 > 130 = 150 °C » “-*% p¥ ¥ A w| §_15 > 25 v 35min o & % (% 6)%p—ri #2782 ¥ 2 44 (DP1-DP10)
FEEFREER PR O 4eA B0 o 8B F 55.30£1.95mg/g( <8 110°C - 15min) % "% 1
9.1210.66mg/g (% & 150°C 4+ 35min) - B 3 & * siztiw Fatr @ Rlens ed b B R R AR
FUH 2 AR T AR A RN PR RBE R R ORR 0 S R A AL RiEHRITR A o
AR S

11



% 6. Effects of different baking temperature treatments on the content of cocoa flavanol and

procyanidin (Degree of Polymerization 1-10)

Cocoa bean Results (mg/g)
(Temp°C-min)
DP1 | DP2 | DP3 | DP4 | DP5 | DP6 | DP7 | DP8 | DP9 | DP10| Total
Control 24,09 | 11.15 | 5.83% | 6.91+ | 3.24+ | 2.30% | 1.35% | 0.90% | 0.12+ | 0.05+ | 55.91+
ontro
+1.31 | £0.42 | 0.27 | 0.40 | 0.16 | 0.13 | 0.07 | 0.05 | 0.01 | 0.00 | 2.82
110-15 20.53 | 9.36+ | 7.08+ | 6.48+ | 5.13+ | 2.94+ | 1.64% | 1.07% | 0.64% | 0.45% | 55.30%
+0.73| 0.35 | 0.17 | 0.13 | 0.24 | 0.12 | 0.08 | 0.05 | 0.04 | 0.02 | 1.95
110.05 19.28 | 9.30+ | 6.15+ | 6.08+ | 2.53+ | 1.91+ | 1.33% | 0.89+ | 0.52+ | 0.13+ | 48.09+
+0.69 | 0.35 | 0.15 | 0.12 | 0.12 | 0.08 | 0.07 | 0.04 | 0.04 | 0.01 | 1.65
110-35 20.71 | 8.90+ | 5.74+ | 1.85+ | 2.09+ | 1.50+ | 1.04+ | 0.72+ | 0.38% | 0.14+ | 43.05+
+0.74 | 0.34 | 0.13 | 0.04 | 0.10 | 0.06 | 0.06 | 0.03 | 0.03 | 0.01 | 1.53
130.15 20.93 | 10.12 | 6.09% | 4.91+ | 1.71+ | 1.06% | 0.69% | 0.48% | 0.22+ | 0.07% | 46.27+
+0.74 | £0.38 | 0.15 | 0.10 | 0.08 | 0.04 | 0.04 | 001 | 001 | 001 | 1.57
130.25 18.77 | 9.26+ | 4.96+ | 6.15+ | 2.33+ | 2.50+ | 0.72+ | 0.45% | 0.42+ | 0.16% | 45.77+
+0.66 | 0.35 | 0.12 | 0.12 | 0.11 | 0.11 | 0.04 | 0.02 | 003 | 001 | 1.57
130.35 1452 | 6.26+ | 3.18+ | 1.92+ | 0.44+ | 0.24+ | 0.20% | 0.04+ | 0.02% | 0.02+ | 26.81+
+0.52 | 0.24 | 0.08 | 0.04 | 0.03 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.91
150.15 17.80 | 7.40% | 2.96+ | 1.76+ | 0.39+ | 0.17+ | 0.18% | 0.03% | 0.01% | 0.00+ | 30.68+
+0.63 | 0.28 | 0.08 | 0.04 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 1.05
150.25 1453 | 5.18+ | 2.35+ | 1.01+ | 0.28+ | 0.14+ | 0.01% | 0.03% | 0.00+ | 0.00+ | 23.51+
+0.52 | 0.20 | 0.06 | 0.02 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.81
150.35 12.15 | 3.76+ | 1.88+ | 0.99+ | 0.21+ | 0.09% | 0.02+ | 0.03% | 0.00+ | 0.00+ | 19.12+
+0.43 | 0.14 | 0.04 | 0.02 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.66
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() FVFERTEBIER L 2T BT
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Bov4r - F B AN kAT

— =kC
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29 C=w =z kR
t=pr

k=- = F fperid 5 % #
Bk AR T L E]T S

& = ke
C

2o Co = A PERFENT Bfi’ gk & ek o)

C=t5@E-EFRF t 23 %/BER L]

EEEANE R T 0 In? HERF () B> 7 uEF3 - 58 R ﬁffi?fw* 2EERTF B
FomBReE i X (k)2 BFebl 2 F ¥ 1% Arrhenius & #4258 kK & 57 ¢

—Ea

k = kﬂEF
H9 Ea=iE it s o

Ko=4p & ]+ »

R_ﬂ'« ﬁa#ﬁ’i 2cal ,

mol.k

T=%%5ER (K)o

§ 5 R 5 EO (k) $HE R )RRl 4o 47 o Blep S 5 Do sl sl ehsitie 0 A2

Flnk =9.9 —5636@ » R2% 0.98 < In(kg) = 9.9 » kp = 19930min ' ; slope = —% = —5636

kcal _

Ea=112(50) Bl > 77 2§ % b G $ b4 SRR ORI BT - &

FRF B Fog Eﬂ%rhﬁfh%ﬂﬁ—V’ﬁ\(AMWmBmwmmyﬁiéﬁﬁﬁkwﬁ$ﬂ4)
H & % 19930min?t 2 £ s i i Ea % 11.2 kcal/mol o PR ARV T UG s SRR - P E
A ERERT PR R R R F k) BRI - aF B ST URENT T E
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1
Ink = 9.9 - 5636 X R?=0.98

In k

| [ I I |
0.0023 0.0024 0.0025 0.0026 0.0027

1T
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% 7. The organoleptic assessment

(point) of chocolates under different roasting conditions

Roasting conditions

Organoleptic properties

temperature
Time(min)
(C)

110
15 130

150

110
25 130

150

110
35 130

150

Appearance

5.81

6.07

5.65

6.14

6.05

6.26

5.63

6.14

5.85°

Aroma

Chocolate o ) ) N
Sweetness Acidity bitterness Astringentency Acceptability

Flavor

3,08

4.40

4.44

3.86

4.72

3.60°C

4.53

3.88

5.02

4.42

4.37

4.47

4.84

4.88

4.19

5.1

456

4.67°C

526

474"

4.67°C

5.30

4.2%

4.98™

5.26

4,86

4.02°¢%

4.74

4.26°

4.37

Note : Values are means of 44 sensory panels.
Means followed by the same letter in a column are not significantly different (p<0.05) .
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# 8. Effects of different strains fermenting Taiwan cocoa beans on the content of flavanols and

procyanidin
Chocolate products Results (mg/g)
Acetobactor aceti inoculated 44.29+1.23°
Natural occurring microorganisms 44.38+1.74°
Saccharomyces cerevisiae inoculated 43.98+1.58°
Lactobacillus plantarum inoculated 43.17+1.73°
Nicaragua cocoa bean 36.28+1.51°
* ke pE SV SR S I

ST T eI I BT RA T BT D e e T
FRABEREOT T 22 bR
RCE R Dl

* oA
ME A oo 4o 5 A7F o & 33 F 7R s o N HER A 2 end B R
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