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Processing on the Flavor of Cocoa Powder

QIAN Lei'?, YU Haiyan', LOU Xinman', TIAN Huaixiang""

(1.School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418, China;
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Abstract: The study aimed to evaluate the effect of enzymatic hydrolysis and high temperature on the flavor of cocoa. First,
the effect of five proteases on free amino acids in enzymatic hydrolysate were investigated. Subsequently, headspace gas
chromatography mass spectrometry (HS-GC-MS), odor activity value (OAV) and sensory valuation were applied to explore
the influence of high temperature (90~180 “C) on the volatile compounds of cocoa. The results showed that amino acids
content increased by 1.4~5.0 times after enzymatic hydrolysis, and compared with the control sample untreated by enzyme
(12 volatiles), five combinatorial treated samples promoted volatiles, which were identified 29 (asparaginase), 31 (acid
protease), 29 (flavourzyme), 30 (bromelain), 32 (papain) volatiles, respectively. More heterocyclic compounds with nutty
and creamy aroma were generated when the temperature was up to 150 °C, and the sensory evaluation indicated that flavor
protease hydrolysis combined with 150 °C heating for 2 h presented the best flavor characteristics. Meanwhile, partial least
squares (PLS) analysis model based on OAV and sensory evaluation showed that enzymatic hydrolysis combined with high
temperature gave cocoa more flower, fruit and milk aroma while still maintained chocolate flavor, confirming its

contribution to flavor promotion.
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FLORIR R (OAV i 74.3~186.5)17, SLE A= ML T
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YR B3 ETF . Voigt U2 B EH AT AT 5L Y
FIEIRIR G G T SRS SN, IFiE— B nEaL
FERR AN SEIRIL ] P A= 1wl ml pO4RE XU . SR, 7E A
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1.2 LWHE
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1:15(g: mL) II/K s miie £ 2 ik, Bz i i T
SR B OE B pH 2514, R BRBFANILR
PR R I T BN 22 v, Sy B ] pH A 2.0 A
3.5 MIBRTRZE Mh ik, 3 3 ANEEEINIK, IinsK S n] vl Ky
KRG pH R 6.4, IREE, 0 BIINA KRS
ZATRME . PRMEFR ARG . AR | 7 385 28 g . AR
FI T, AT pH AR TS 0 6 ) il i S At
ATHE, W3 1 s FHRECRHR E T /KGR % R
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Table 1 Enzymatic hydrolysis conditions of different enzymes
EEm W5 (fff,) otpr O “;‘ff,’f;f
REAREE  Asp 100 2.0 40 10
RIEEAE  Acid 500 35 40 10
REREHE  Fla 300 6.4 55 10
WHEAM  Bro 1000 6.4 55 10
ARINEARE  Pap 1000 6.4 55 10

1.2.2 RS EFERIE  BOT AR (0.2 mL) .
pH6 #ilREh gz bz (0.5 mL) FHEH —HR7# (0.4 mL,
2% ZWEAR) T 50 mL A, WK INE 15 min,
IKEEH, HIMA BB FI/RKERE 50 mL F£453-1R
£ o BEGHCE 15 min S, 4500 r/min 2.0 8 min HX
PIEWE . SRAEERSM-AT WA EETHE 570 nm A
AN AR RN AN SR R R T, AR PR
W4 y=0.7273x—0.2492( R*>=0.995) 11515 H il fie
Wb G LR M BE (mmol/L) o B~ W 5 2 I &
3 .

1.2.3 A ADMEARR A i s v gs:  ARYE Maillard
JNE A BN, O T ARy BRI E S TR, SRR
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AE IR N, FE BELA FRAE Y Maillard S
PP 35 mL i RN A I A Sk RUBR B 1 At
B R] ARy B AR 15 g FbE 1.5 g (i 2 b « AL bli=
3:7), M HREENEE 90~180 °C, IRAHERE 2 h, 45K
JE AR E N, 4000 r/min 5.0 8 min, WA 1EH, 1
RIRY TS RE e OAV 15

1.2.4 [ BcE =i B Z N dl A 6 S R
KP4 T AR BRI 1.2.3 BEAT IRV, ISR
BEN 150 °C, FRECE PP MXUBR Y o 25 o X B
SHARBIUTARTE, IN2535F7K 55 °C /KGR 3 h, J5
Sz T N S5 AR — 3o

1.2.5 BYETEHT X 1.2.4 0] aTBES AP I S I HE T
B TEM . BB PR/ NEH 6 A aZad Ll YIZRAg A
BRLH AR, 30 PR AERE S S S TR, T AT
JETY F IR 1R 2 BRI m] n] B4 Y AR B9 AT T BT A 2R
SREU IR 2 o . SR T BRI R P A SR AR i [A]
FAAH B FZ 0, PEINES, 52 e S AR SRR T O P 1
MU HE AT 2 5 o 25 TUFE b 4 BRI SZ 5 ZU AR
1~10 3143, TPHr M Ar=R55+0.2 < KR35, 543 100,
1.2.6 Tz -SAHOE RSB FH XK Y BT 22 0
25 M L T i BB FH XUR 9 3R 43 BT T v = R R
F2451231 T Mohamadi Alasti 2524 0877 sk
1.2.6.1 TRZS S5 BUA] AT A Pl A s vl A 21 S 8 )
1.0 g F1 20 uL ¥R K 4.35 mg/mL B HI 1S (AR )
F 20 mL s, s 5 3, A ERESL . FE 5
TE 90 °C N FAT 30 min, BE4E TR P SE F AL fi
LRIRE SR 105 F1 110 °C, FEAERFE] A 1 min,
1.2.6.2 %54 HP-5 @i%fF: 30 mx0.25 mmx
0.25 pum; X< He P E A 1.2 mL/min., A&
35 °C FLhE, 4445 3 min, 3 °C/min _FFFE 160 °C, F-LL
10 °C/min EJ}Z 200 °C, f#£%F 2 min; 43 bk 10: 1,
1.2.63 gt M=l EL HTFRE&E: 70 eV;
BT URIREE: 230 °C; fAHIZRIEE: 250 °C; Hfi =

JEHE: 35~500.
1.2.6.4 @M. EET ARG S
Wiley275. Nistl1. Flavor 2 FRE RIS ZE S I5A6 2R, A%
B4 5 3% DU BC = 805 LA AH ] (a3 4 14 T 1 A4 ke
(Cg~Cyy) H AR BF Bk 1], T35 B8 F5 54 RI (B, I
5 NIST Hdi )21 RIABEVEA T ELXT, PHFD 7 B A )
REMIE . FERMALG P E BRI AR (SRR HH R )
e ik, #eaU (D) TR A 8 oA X i (P 45
0.
AgxC,

TTA

K. C, Tzt S WIITESE (ng/g); A, 3=
TN ST I U T AL C R PN BR A 1 T 4 BK
(ng/g)s A, FoRIARIERI AL, S ILdE T 3 IREE i
5, B EL 3 YAaRgS- A
1.3 #EAIE

X Excel 2019, Origin 8 SEA7T8R I 19 3EA
ALER, IBM SPSS 20 #47 ¢ #:495: & Waller-Duncan J7
255307 Gk 27K 0.05), SIMCA 14.1 4 7mde/ >
AT, RISHEITE T R studio HifES
2 BR5SH
2.1 AEEBE AT ATk EZE RS0

A AT AE S T AN R 2R AR S, 2 iR vk 3
H A 2 25 55 (P<0.05) . R IEFEHAAESE SRR D)
JT SR RS, AR A T Sy, SES R TT R AR
K e FTR] a2 Bk BRI s S IR TR 3, ik Bk
PEWEAE T FH A E R s R . Fr &l 1 AT, S F
A T P A T TR) AN TR] B T o o ) e XU 2 TR, 7K
AR a] 3 h, B R R0 B 8 I, o 8 ho B
e 8 S B i, X T Ry AR AR FH B OB NHER
A KUK R 11 >V 28 R 1 il R A% 2 IR 2R I > AR I\
> PR R U . R A SR I R 2, 1 1)
BR A5 I, KRR IR R 40 °C, 158 FLAR & 143

G

2 REMREREY

Table 2 Sensory evaluation descriptions

iyl RER Z )
155871 (1045) 558 JI RS o-52 T HAZ BEER20 mg/L
W (1043) SBrEEARZLIGRRE KU 0.1 mg/kg 6-+ kg
FERE(104) — Rl AR ARk HEELK AT 60 mg/L
A (104)) BEIERFR N E A E S W B FF BRI mg/L
5L BE105) BB KRHARE S, B E A o
IZE(104) FEok AT IR ATR A 2,6- T BENEUR2 me/LEEK IR
AFE(1047) SEUIEI A, A ke 10 mg/L o-HEpRSE
FE(105) AN HAENER
MU (1043) AR 6 e R A 1Y — SRR U 10 g/L& I N W
At (1043) UL A TR BBk 45,0 /500 mL)
iz (1043) G A PR T B e B 490.25 /500 mL)
A R (1043) Sk I AR | SR 1 g/LI TR IR
#(1043) T PR | ISR Y AR Sk T F R 2490.072 g/500 mL)
A (1043) =L/ RO 7/ TSI FaP IR A
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24 0.09 F1 0.06 mmol/g; XUBRER [ . 7k 25 48 1 g
FNA IR 1Bl v MR 2R U, KR R 55 °CL 149
B IR S 543 H°A 0.20. 0.14 F1 0.08 mmol/g. Hf
AR 2 S 0 S DR AT B S AR SRR O, AN iR
PRI IS A S PR BB K e 7S KRG EREE 112, AR
JNEE A B PR K i 11S KRG EREEH, Wi nl a] &
7S BREE & B0 T 11SP7, [R] 1 o 8 4 P il AR A
FAPR R B S 2 LR M 2 T 7 . Rohstus 451°%
WA= AT A R il 5~25 mg/g; Kadow 45127
TE 35 C WELAT Al &R W% 5 d, 45 v al a5 1 i B
SR & YU B 5.7~25.2 mg, SR LR BE R Rl
70~180 g/mol, #3555 {5 I FE 0.03~0.36 mmol/g, 74
SCFRIR T S 2 ER B 5 0.06~0.20 mmol/g, 5
SCHRYE AT o

0ps - & FARN - WPERITH ~ AR T
B WHELI - AT

01 2 3 4 5 6 7 8 9 10
ST (h)
Bl 15 FhaR I EEmEE T AT e SR AR e R

Fig.1 Changes in the concentration of free amino acid from
five enzymic hydrolysates

2.2 EnmATEXT A AT XURAD B RS20

Maillard Js2 3 42 (04 85 e P BGIe TR BE A0 52 e
B TR, 5% T 25 58 J3hlfE, o1 iyl vl FHVE ORI LA
T BERS 7= i BB IN, 33 88 ST R . FH 37 5 B TR B TR
100~200 CP4,

ARTCHEAFE 2.1 AR e 2 g XU A 1
2 Hn] A U AE 90~180 °C HREE h g &M
SR AARAL, G IE BH S RN R R RS &
SRR T, — ARG 44 Fh XSRS, SRR 4%
P44 H 18(90 °C) . 15(100 °C). 22(120 °C).
32(135 °C) . 38(150 °C)F1 34(180 C)HFf. FRAFHIFE
KPS LN TR : 90 F1 100 °C P74 i 2= [ 4 /0N,
W& 2,3- T FA( 0.35 ng/g BEHIZE 1.13 pgl/g)
TEFEA IR BEYE G £ 7E, 5 3k [30] SRS
JRHEETT S e i 0.13 ng/g 27+ 7.82 ng/g 284k
—2, BAREGN 2-FHETEL(AN 0.03 pg/g Nz
0.19 pg/g) IG5 ve J3F5HY 2-FH LT (2.03 pg/g BN
% 16.65 ng/g)fE 120 C =45 R, 135 C 7=
Pyrh s I ER (AN 0.50 pg/g HENZ 5.44 ng/g) .
ZE (N 0.23 pg/g BEHNZE 23.83 pg/g), /NMrTFIE N
Maillard JZ W P=4; 150 F1 180 °C P24 1 1555 JI7FHY
FH 3Ltk R ( AA 0.03 pg/g #E1ZE 0.10 pg/g) . B AE
(0.11 pg/g WhNZE 0.43 pg/g) LI M FAEEH T AMERE (M

0.07 ng/g WMZE 24.10 ng/g) G258 5, KIRLE
TET A AT wiE . RS, Bl AR T T AR 1 EE
GyUH, AR SR AR . o T S A X R R W) 1 5
M, T e A S A0 23 R R L R i AR S A A
Maillard [, 24: 8 £ & 00, &l 2C~2E
HR, 2,37 Tl ORREEE . 2-H L T EEAE 135 °C KA B
Pk B U /D oA (AN K] 2F ), B T AL T,
TR AT, ] 2 S5 R0 0, £ A HEE T
BEPETE, — oAb IS sl RSP, 2B
FEAS I FE T IR I

AN AN 2 e R Y 44 B LAY, 455
Jo 5B HEXT N BE, 1155 OAVEZSI(0AV, 45 1%
ST E S ) . Hid, OAV>1.0 itk & —
A5 20 Bl AR UELLALER S DA IE B9 77 218
TR XA it XU (1) 52

mE 3 s, A =R AR b 55— 25 TE
90~150 °C ¥ & B A B &2k (P>0.05), 180 °C
FEy AR L E R (P<0.05), AU S 2.1 . LR
M . BRTES . 5-FH LRSS, A0 R . A AR, B
PR 5 FR OB Ay AR A RN SE 7 A 52 7 R AR 1E D)
R B T ISREAE TR T, S R AR, H 150~
180 °C HiE a3t e%, M4 T hR ., 2-FF 3L T8, 2-
FH L T BERINIgE , RARAFAE TS J5 ] n] 5B, 5k
B I 5w ) R A B 2R B TR T, i
St Z2 J5 /b HAE 150 °C & B s, A 2K 2.
TR 2,3- F Bk-5- 2, JLntkigs, R H AL R A TG
TR IERY . TS IRHERF Y AR TS . —
2%, 150 F11 180 °C =Ty JIAFEF H &, 53¢
Bk [10] AT AT SLHEEE VR B KT 140 C #5-4E R
RE MBS —3. MR 180 C B, NMLEE M
OAV 55 M B FEAIR Y — W 3L —Hilik i OAV i
B, 257 &Y B A DTk AN OAV HIWiAS K 150 °C
Fedh o 3 S VRALFE AT AT R R, TR IR 150 °C
BEARIy-Hb K FAEAE ity XU M LA AT SR, i AT
i ] RS
2.3 EREEERRNMYINEL RS

F)FH HS-GC-MS J5 X4 5 Ffrn] o] f53 Bl i i 22
150 °C =4 2 h JFHER G TS . 3% 3
BEET HS-GC-MS SHrasS. @ il Tl 2 thxt X2 £
B8 0, LU 48 R & vE A4y, o 2R R
14 Fp . B 10 B, B2 9 Fh . BE 6 Fh L WE S Fh. TR 4 Fh,
P g 26 P B FAHSE AT AT KUK ST SCHRES 8
Hr. SRR Y AR BRARR S (12 FRO AR L, B
ABFRJE (29 FhLA ) # K a4 S = &, i AN [H)
B AR & (R 2 ) P S s — e Sk, 5 b &)
k1S A, R B 1730 HoA, 28 R E i
2, AR ISFINEESSE . AR A PR ] ARy A
2 i TRAL B S 45 ST SR ISR B 5380 A e
22 5(P<0.05), A RBIF LR K A 2 SR 2H B M LA
B Maillard S WIE s & W25 5 2Ry o mkimg 3= 22
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Fig.2 Changes of cocoa enzymic hydrolysates volatile compounds at different temperature
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Fig.3 Tree graph of different temperature on the volatile OAV of cocoa
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Table 3 Contents of volatile compounds from cocoa combined reactants by HS-GC-MS

RI EH(EN Xof B REERRM  MUEEARG  KOREAR S HEAM AJRE AR
ey LSy FAME
SCHR(E THE ng/g R B 538 (ng/e)
iz 543 538 MS,RI  0.046 firedliopih-qes - 10.840.78°  12.56+2.38°  77.77+73.30° - 7.98+2.28"
2,3-T —f 600 615 MS,RI  0.005 F B 6.67£0.40°  13.07+0.97°  7.64+1.80°  22.43%3.66° 1.77+0.41° 3.15:0.91°
LR 610 626 MS,RI 5 WRRA . 21 - - 2.77£0.55°  158.91£7.75° 3.430.70 -
ST 622 634 MS,RI 33 BRIWHERS 7.62+0.51° - - 29.84+1.46°  6.39+1.36" -
L 646 644 MS,RI 10000 SREUAYR 305.41421.42°2128.74+£697.42° 1948.8+77.17* 1133.43+239.48" 14.62+3.02° 17.20+12.74°
N - 675 MS,RI - - - - - - 0.22+0.08  0.26+0.13
S 655 650 MS,RI - TR 1.5320.03° - 3.3240.59°  23.54+23.75% 5.42+1.32° 6.73£1.79°
TR 658 660 MS,RI 0.012~0.1 ABFiffL, )RR - - 1.36£0.24° - 0.49+0.11° 14.71%4.32°
2-HHEETRE 661 661 MS,RI 10 I ZnE - - - 32.67£12.71°  2.12+0.50° 2.44+1.20°
2-J %] 686 687 MS,RI 0.07 R ERE 5 K - - - - 0.3620.10 -
FRILTR 688 681 MS,RI - - 25.17+1.69°  154.23+3.98"  129.46+42.92° 53.53+64.19° - 12.52+3.65°
3ot ] 696 686 MS,RI  0.07~0.1 - 6.42+0.38" - - 13.47£0.66° - -
3-FEFE-2- T 720 705 MS,RI 10000 Wi - - - 20.88+0.96°  2.22+0.46° 20.23+5.89°
TR R 724 714  MS,RI 0.001~0.043  SERHIT M - - - - - 0.2240.06
3-FEET 726 733 MS,RI 025~4.1 B SAFEREHR - - - - 5.07£1.08" 1.10+0.32°
2-H AT R 733 739 MS,RI  0.0017 TR AN - - - - 2.03+0.43*  0.28+0.08"
PR T 761 764 MS,RI  0.0012 A 3.37+0.45" 3.84+0.58" 4.87+0.93°  13.11+0.64° - -
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