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Functional Activities of Cacao Nibs and Couvertures
according to Process Conditions
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ABSTRACT This study was conducted to provide information regarding changes in antioxidant activity in response
to conching temperatures, conching times, and cacao mass content (CMC) in dark chocolate. The radical scavenging
activities and functional components of cacao nibs were highest for raw cacao nib (R0) under all conditions. Moreover,
antioxidant activities and functional compounds increased during roasting for 25 min. As the conching temperature
increased, the radical scavenging activities and functional components increased. Quantitative analysis of major cat-
echin-derived compounds by HPLC revealed that RO had the highest value for other roasted cacao nibs in all aspects
(P<0.05). The content of procyanidin B2, catechin, and epicatechin increased during roasting for 25 min. Finally,
evaluation of couvertures revealed that procyanidin B1 content increased as conching time increased to 48 h, except
for 70% CMC and conched at 60°C (HH) and 70% CMC and conched at 50°C. Overall, HH48 contained the richest
catechin-derived components.
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Table 1. Summary of different polyphenols in cocoa beans or cocoa productsl)

Catechins Procyanidins Anthocyanins Flavanol glycosides Others
(-)-Epicatechin ggoc}éarldéI;zPl’ B2, Cyanidin-3-a-L-arabinoside  Quercetin-3-O-a-D-arabinoside =~ Clovamide

(+)-Catechin Procyanidin C1”

Cyanidin-3-B-D-galactoside

Quercetin-3-O-B-D-

elucopuranoside Dideoxy clovamide

(+)-Gallocatechin Procyanidin DY

(-)-Epigallocatechin Higher oligo-and polyrnerss)

1)Herrrnann 2).

Procyamdm Bl=epicatechin-(4p—8)-catechin, procyanidin B2=epicatechin-(4p—8)-epicatechin, procyanidin B3=epicatechin-(4a—
8) catechin, procyanidin B4=epicatechin-(40—8)-epicatechin, procyanidin, B5=epicatechin-(4p—6)-epicatechin.

Eplcatechm (4p—8)-epicatechin-(4p—8)-epicatechin.

)Eplcatechm (4B—8)-epicatechin-(4f—8)-epicatechin-(4f— 8)-epicatechin.
Mostly homologues of epicatechin with 2 to 18 monomeric units.
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Table 2. Roasting conditions for cacao nibs

Category Conditions
Model THCR-01 (1 kg), Tachwan, Paju, Korea
Capacity 1.5 kg/batch
Heat source (type) Electronic
Initial temperature 200°C
End temperature 200°C

Roasting time 15, 20, 25, 30 min

Cacao nib
(roasted cacao bean for
25 min at 200°C)

Winnowed and grinded
within 200 pm

2 3

Formulated according
to Table 3

Time: 15, 20, 25, Conched at 60 rpm
and 30 min (for 24, 48, and 72 h)

2 2

Conched and refined
at 60 rpm

Stored at 4°C

Cacao bean from
Ghana

Washed and dried

Roasted at 200°C

Cooled at room
temperature

Stored at -80°C

Fig. 1. Flow diagram illustrating the methods of roasting cacao
bean and conching liquor.
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Table 3. Ratio of ingredients for couverture samples

(unit: %)
Ineredients Couverture with Couverture with
& cmc? 70% CMC 60%
Cacao nib 66.53 57.66
Cocoa butter 3.50 2.62
Sugar 29.61 39.32
Lecithin 0.35 0.39
Total 100.00 100.00

1 .
JCMC: cacao mass content; cacao nib and cocoa butter.

Table 4. Conching conditions of cacao mass content (CMC),
conching temperature, and conching time for couverture

) cMc? Temperature

Group! CNC oo Time” (h)
HH 70 60 (Hzlj ) (H41?I2) (H71§3)
HL 70 >0 (Hzli1 1) (}?1?2) (H753)
LH 60 60 (Lzﬁl) (L%SZ) (L7é3)
LL 60 50 T } i

(LL1) (LL2) (LL3)

YHH: high CMC and high temperature, HL: high CMC and low
temperature, LH: low CMC and high temperature, LL: low
CMC and low temperature.

2CMC: cacao mass content.

Time: couvertures conching hours.
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ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonate) AH+7] 227 S APAT-2 W] £}
SA3FATH17). 100 mM PBSel| =<1 AAPH(2,2'-azobis~
(2—-amidinopropane) dihydrochloride) 1.0 mM % 2.5 mM
ABTSE 1:19] FyH|2 &3 5 70°Ce] @220l
40% A% WFx|5ke] ABTS cations EX A AT o5 734
nmol A 2] &F =7} 0.65£0.027F ¥ == 2433t} 100
2 843k AJ& 20 plell ABTS €9 980 L& 4ol 37°C
Fegzoll A 1027 ¥HEAIZ $ 734 nmoll A 33 =
(DU 530 spectrophotometer, 4300N, Beckman, Fullerton,
CA, USA)E o]&3td F3=E 433t gz o
2 Trolox((x)-6-hydroxy-2,5,7,8-tetramethyl-chro-
man-2-carboxylic acid, Sigma—-Aldrich Co., St. Louis,
MO, USA)E ©]&3to] 10~80 ng/mLell A2l AHFMR"=
0.9983) 243 & mg Trolox equivalent(mg TE/g of
sample) = ZHibsto] LERY QAT

DPPH XIR7| A7 M5

DPPH(1,1-diphenyl-2-picrylhydrazyl) A7) 27 &
412 Trolox equivalents antioxidant capacity(TEAC) W
WS o]gato] AA e tH18). 1008 2 3413 Al5 200
uLel 0.2 mM DPPH &9 800 uL& 7}ate] &3t 5 A2
o] A A 307t ¥HSAIZI $, microplate reader
(SpectraMax 190, Molecular Devices, Sunnyvale, CA,
USA)E ©]&3te] 517 nmellA FH=E S0 %F
E4 2 Trolox(Sigma-Aldrich Co.)E A}-&3}% e 30~
300 pg/mLe] FER A (R*=0.9991)% 2kl % &
A2 I 5 A9E A

£ Eo|hs &
% Z 99 & (total polyphenol content, TPC) &4

< Folin Ciocalteu®] W& W3] E431%TH19). 10
HIZ 8148k A& 60 pleoll T/ 300 uLE 718k, Folin-
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71 ¥ 30% sodium bicarbonate(Na;CO3) &< 900 uL<}t
SHT 240 uLE H7F8kaL 2413 F9F o] Al W
ARt o] F FFAE Fdte] 765 nmolA FHEE S
At HFA L gallic acid(Sigma-Aldrich Co)E 25
~400 pg/mL2] MM 24 (R*=0.9951)F H mg gallic
acid equivalent(mg GAE/g of sample)® 3Hitale] E7]3}
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Table 5. Operating conditions of HPLC for quantification of
catechins in samples

Category Conditions
Dionex, summit HPLC
Model (P680 pump, ASI-100 injector,
UVD 430U detector)
X-Terra RP CI18
Column (4.6x250 mm, 5 pm, Waters,

Milford, MA, USA)

Aol we 754 4 71
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radical absorbance capacity, ORAC)¢] ZAAFH AT = B
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Table 6. The antioxidant activity of 70% acetone extraction of
cacao nibs roasted at 200°C under different roasting times

Sam; ABTS? TPC DPPH TFC
ples (mg TE/g) (mg GAE/g) (%) (mg CE/g)

Time A B
(min)  (0.1% H3PO4) (methanol)
Mobile phase 0 85 15
(gradient) 10 85 15
15 70 30
25 70 30
35 85 15
Flow rate 1.0 mL/min
Injection volume 20 pL
Temperature Column and sample: room temperature
Detection time 30 min
Wavelength 280 nm

RO  95.6842.93") 32.54+0.25" 53.91+0.54" 24.35+0.22°

R15 47.35+0.50°  14.78+0.06° 21.31+0.13° 7.48+0.05°
R20  50.68+0.76°  15.33+0.19% 22.18+0.72° 8.16+0.11¢
R25 56.68+0.29°  16.50+0.01° 26.04+0.80° 8.61+0.14°
R30  49.02+0.58°  16.05+0.12° 26.49+0.95° 8.90+0.05°

YRO: raw cacao nib, R15: roasted at 200°C for 15 min, R20:
roasted at 200°C for 20 min, R25: roasted at 200°C for 25
min, R30: roasted at 200°C for 30 min.

YABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate), TPC:
total phenolic content, DPPH: 1,1-diphenyl-2-picrylhydrazyl,
TFC: total flavonoid content.

YAll results are expressed as meantSD (standard deviation) for
three replicates. Different letters (a-e) indicate significant dif-
ferences (P<0.05) in the same column.
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Table 7. The antioxidant activity of 70% acetone extraction of couvertures under different conching conditions

)

Samples ABTS” (mg TE/g) TPC (mg GAE/g) DPPH (%) TFC (mg CE/g)
HH24 76.57+2.52%Y 28.5440.53" 41.92+0.15° 16.57+0.41%
HH48 80.87+2.18" 27.09+0.50° 41.56+0.44° 19.25+0.24°
HH72 79.1240.28% 27.36£0.27° 42.58+0.34° 18.00+0.44°
HL24 65.35+2.65 25.28+0.47° 34.54+0.39° 15.86+0.19"
HL48 69.85+2.29¢ 23.99+0.45° 34.67+0.15° 16.90+0.11°
HL72 68.02+0.29% 24.24+0.24° 36.16+0.10° 16.46+0.19%
LH24 77.02+0.58" 26.40+0.30° 37.68+0.59° 15.85+0.10"
LH48 77.52+1.26° 26.73+0.18" 37.24+0.20° 16.44+0.19%
LH72 78.68+1.53% 25.74+0.19° 37.30+£0.29° 16.13+0.23°
LL24 62.68+0.58" 22.79+0.46" 29.77+0.23" 15.17+0.12¢
LL48 62.85+2.78" 25.32+0.15¢ 29.85+0.32° 14.43+0.10"
LL72 74.18+0.58° 21.75+0.42¢ 30.30£0.19" 14.76+0.04"

YHH: 70% CMC and conched at 60°C, HL: 70% CMC and conched at 50°C, LH: 60% CMC and conched at 60°C, LL: 60%
CMC and conched at 50°C. The last numbers mean conching times (h).
PABTS: 2,2"-azino-bis(3- ethylbenzothiazoline-6-sulfonate), TPC: total phenolic content, DPPH: 1,1-diphenyl-2-picrylhydrazyl, TFC:

total flavonoid content.

DAl results are expressed as mean+SD (standard deviation) for three replicates. Different letters indicate significant differences
(P<0.05) in the same column.
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Table 8. Contents of the catechin-derived compounds of cacao nibs in different roasting conditions
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(unit: pg/g)

Samples[) Procyanidin Bl Procyanidin B2 Catechin Epicatechin Total
RO 30.95+0.23% 974.12426.23" 85.14+2.81" 591.43+7.37° 1,677.68+19.23"
R15 10.28+1.75" 230.90£9.40° 24.86+0.76° 99.44+3.40° 365.47+13.51¢
R20 9.92+1.07° 305.90+7.22° 54.30+2.59" 120.47+6.01° 490.59+4.90°
R25 9.64+1.40° 394.29+6.59" 73.31+2.63" 192.27+7.10° 669.51+14.27
R30 9.92+1.07° 327.72+16.89° 64.08+1.63° 152.97+4.73° 553.21422.35¢

YRO: raw cacao nib, R15: roasted at 200°C for 15 min, R20: roasted at 200°C for 20 min, R25: roasted at 200°C for 25 min,

R30: roasted at 200°C for 30 min.

DAl results are expressed as mean+tSD (standard deviation) for three replicates. Different letters indicate significant differences

(P<0.05) in the same column.

Table 9. Contents of the catechin-derived compounds of couvertures in different conching conditions

(unit: pg/g)

Samplesl) Procyanidin B1 Procyanidin B2 Catechin Epicatechin Total
HH24 22.18+1.12? 728.2343.55" 115.62+1.38° 360.624+5.91° 1,226.65+8.33"
HH48 22.59+0.94° 770.58+2.06° 119.53+0.67° 376.58+8.62° 1,288.87+8.67"
HH72 24.64+1.63% 657.5145.40° 102.25+3.33% 327.87+3.84° 1,112.28+5.58¢
HL24 22.40+0.67° 606.45+4.30" 94.4241.74* 252.39+£7.72" 972.51£12.65¢
HL48 30.23+0.63° 718.09+18.13° 110.58+0.59° 297.97+0.86° 1,156.87+18.39¢
HL72 25.82+0.40° 651.04+11.87% 95.72+1.38" 273.95+0.818 1,046.52+10.90¢
DH24 26.77+1.26° 714.56+3.49° 111.44+1.33° 315.73+5.23¢ 1,168.50+7.43°
DH48 26.77+1.26° 756.1142.02° 115.22+0.64° 329.84+7.61° 1,227.93+7.52°
DH72 29.54+1.84° 645.17+5.30% 98.55+3.22° 286.80+3.39°" 1,060.06+5.92°
DL24 18.31%1.02¢ 618.05+11.60° 97.9842.12' 287.79+3.11° 1,017.89+1.25
DL48 18.55+2.08¢ 642.14426.75% 103.22+2.99¢ 288.94+4.73°" 1,049.32+45.32¢
DL72 17.38+7.32¢ 633.63+7.59% 99.40+2.88%f 280.29+7.04' 1,031.56+19.40°

YHH: 70% CMC and conched at 60°C, HL: 70% CMC and conched at 50°C, LH: 60% CMC and conched at 60°C, LL: 60%
CMC and conched at 50°C. The last numbers mean conching times (h).
DAl results are expressed as mean+SD (standard deviation) for three replicates. Different letters indicate significant differences

(P<0.05) in the same column.
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