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Abstract: The volatile aroma composition is one of the important indexes for cocoa quality evaluation, and fermentation
is the key process that affects the volatile aroma composition of cocoa. To reveal the pattern and differences of the vola-
tile aroma components during cocoa bean fermentation with different genotypes, three types of cocoa (ZYP11-9, STS16,
and ZYP6-11) were used as the test materials, and the headspace solid-phase micro-extraction gas chromatography-mass
spectrometry (HS-SPME-GC/MS) was used to determine the volatile aroma components during 0-7 days fermentation
of cocoa beans, and the relative contents of each component were calculated by peak area normalization. The results
showed that a total of 32 volatile aroma compounds were identified during the fermentation of cocoa beans from the
three genotypes, among which 9 consensus aroma compounds, including 2,3-butanediol, 2-heptanol, 2-pentanol,
3-methyl-1-butanol, phenylethyl alcohol, linalool, acetic acid, 3-hydroxy-2-butanone, and 2,3,5-trimethylpyrazine,
showed significant differences in the relative contents during the fermentation of cocoa beans from different genotypes;
PCA analysis showed that there was some correlation between the main aroma components and the aroma characteristics
of the fermentation stage, in which 2,3-butanediol, acetic acid, linalool, 3-hydroxy-2-butanone were positively corre-
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lated with the aroma characteristics of cocoa beans fermentation stage, and the aroma substances such as

3-methyl-1-butanol, butanolactone, and acetophenone were negatively correlated with the aroma characteristics of the
fermentation stage. Therefore, there are differences in the aroma composition and content changes during cocoa fer-
mentation with different genotypes, and there is a correlation between the main aroma components and the fermentation

stage, which would provide a reference basis for the breeding and application of high-quality cocoa new cultivars.
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Fig. 1 The characteristics of three genotypes of
cocoa fruits
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Tab. 1 Material No. information

K B} [6] 455 Fermentation time No.

e SR fsf 5701 : — - — — - :
No Genotype Fresh bean stage H1X 2K H3X EFEEN sk #6 K HTK
' 1st day 2nd day 3rd day 4th day Sth day 6th day 7th day

A ZYP11-9 0A 1A 2A 3A 4A S5A 6A TA

B STS16 0B 1B 2B 3B 4B 5B 6B 7B

C ZYP6-11 0C 1C 2C 3C 4C 5C 6C 7C

IR A B BB - VR FRERCER 1 P4 T
AL 2.0 g T 20 mL B EH T2k F T,
fii #4524 50/30 pm ) DVB/CAR/PDMS SPME
YA A GC HAZEBUR T, BT EJr
0.5 cm W25 #5030 min, LA GC AL
f#MT 5 min, BFETER 3K,

ok &k RO W (PEG) BAEH,
DB-WAX (30 mmx0.25 mm, 0.25 pm ); FHEFEF
HRIERIRE 40 CIR£EF 4 min, LA 3 °C/min THE R
96 C ,f£4F 3 min, F-LL 1.5 C/min FHEZE 150 C,
14#4% 0 min; 5 LA 10 °C/min THEZF] 210 C, f#
£F 2 min, #FAECRIEN 250 °C; #ER, W N
1 mL/min,

i BB SN EL, L TFRERN 70 eV,
BIRIREE R 250 °C, fERIZIRE N 250 T, H
i 5 VL ] 40~550 amu,

1.3 HEAIE

GC/MS 5% 55 Fi i 38 3 2 FEAS A A% F 2 FR
AT IR, ZIHANK R FIN 5 NIST 17 i%/EH
Wiley % FEMVCES, H45& 56 3CHk, #E—2
NS L ) BARA 22 WAy, FRwg T AR I — ki
AR R A LA A F i, Origin 2021
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Tab. 2 Volatile aroma components and relative contents of ZYP11-9 cocoa beans during fermentation period
e FHXT % & Relative content/%
% A i il ' L
o C(ﬁ;ﬁfjjme &@Sﬂn IR ik max W3R WX WSRO MeR  WITX
stage 1st day 2nd day 3rd day 4th day Sth day 6th day 7th day
2% R acetic acid acil 26.95 2.43+0.77 _ 14.04+£2.15 33.2743.92 20.71£2.26 15.51+£3.08 8.83+1.76  7.33+2.08
2-FHTNR aci2 38.30 1.49+0.15 0.08+0.01  0.82+0.07 2.48+0.59 4.96+0.11
L-alanine
B 2-FFE -T2 alel  6.50 0.66+0.07  0.34+0.01
2-methyl-3-buten-2-ol
3 I e ale2 829 0.65+0.02  0.28+0.08
3-pyrrolidinol
2-J% 1 2-pentanol alcd  9.69 14.55+2.66 7.98+1.02 2.64+0.52 1.56+0.47 0.38+0.04 . . .
3-F LT alc5 13.05 7.33+1.59 4.94+0.08 1.36+0.68 0.39+0.08 . . . .
3-methyl-1-butanol
2-BfiE 2-heptanol alc6 18.58 21.64+3.61 8.46+3.77 4.57+0.20 1.60£0.17 0.72+0.03 0.29+0.08 0.17+0.02  0.30+0.08
T-F 1-nonanol alc7 22.10 4.61+0.79 3.22+0.32
SRS linalool alc8 29.32 . 4.52+0.32  5.59+1.33  9.61+£2.76 15.50+1.26 17.72+£2.45 18.24+3.59 17.71+£7.12
23- T alc9 29.88 17.01+8.30 49.60+4.13 66.07+4.08 42.96+7.46 55.28+12.35 60.29+3.84 67.07+7.03 54.50+5.94
2,3-butanediol
FF 5 A alcl 44.73  0.51+0.03
methylbenzylalcohol 0
R alcl 50.77 5.70+2.91 4.60+0.34 1.90+0.34 1.10£0.36 0.42£0.06 0.14+0.05
phenylethyl alcohol 2
figzk  FLER M ethyl lactate estl 18.92 _ 0.86+0.08 _ _ _ _ _ .
7 T B R TS est3 20.79 _ 1.48+0.79 _ 0.95+0.05  0.40+0.03 . . .
2-butoxyethanol
acetate
G RGFR AP T TG estd 2498 2.84+0.68 1.19+0.54
butyl nitrite
- T A g estS 3224 8.18:0.62 3.22+0.59 -~ -~ -~ -~ -~ 4.53+0.57
y-butyrolactone
1% TR TS est6  39.98 0.2140.02  0.56+0.03  1.05+£0.59  3.00+0.44
methyl hydrogen
glutarate
LIRK 1 est7 45.15 0.39+0.07 0.24+0.08 0.32+0.07  0.18+0.05
phenethyl acetate
KRR 2 15T est8 46.88 0.77+0.06 0.30+0.06 0.11+0.02
benzoic acid,
ethenylester
Y75 4.5 est9 56.66 0.84+0.05 0.47+0.02 0.07+0.02
phenyl acetate
IR 2,5-— FF Lk furl 23.87 _ 0.55+0.03  0.16+0.07 . . . . .
2,5-dimethylfuran
B2 3-%23L2-TT acetoin ketl 15.87  8.26+1.31 5.62+0.96 1.98+0.66 8.18+2.49 5.75+1.51 4.46+0.47 2.05£0.28 2.06+0.04
K2 ket3 34.65 3.85+0.22 1.25+0.45
acetophenone
2,3-T ket4 37.91 5.27+2.26
butane-2,3-dione
MR 2.3,5-= T LN pyl 21.68 _ -~ 0.52+0.05 0.68+0.05 0.26+0.02 0.21£0.01 0.12+0.02 0.20+0.05

2,3,5-trimethylpyrazine

e Rkt

Note: — indicates undetected.
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Tab. 3 Volatile aroma components and relative contents of STS16 cocoa beans during fermentation period
o FAXTF & Relative content/%
(S 4L T2/ ST 1 . B N N
Classe ~ Compound name Code Il Fﬁi,ifﬁ 1R 2R 3R 4R LIRER #6 R TR
RT/min resst ag ee M st day  2nd day 3rd day 4th day 5th day 6th day 7th day
MRk 2 acetic acid acil 2695 22.61£2.06 3.41£1.32 17.73+4.39 32.3742.62 20.94+7.83 15.65+4.67 9.40+£3.34 10.83%1.73
ok 23 TH-2-E alel 650 0.1840.06 0.52+0.01
2-methyl-3-buten-2-ol
3N A alc2 829  0.18£0.02 133042 0.12:0.07
3-pyrrolidinol
ST isobutanol ale3 8.30 _ _ 0.22+0.02  0.11+0.07 - - - -
2-J% % 2-pentanol alc4 9.69 2.80+0.53 3.33+0.15 0.40+£0.07 0.86+0.03 0.13+0.01
3L T ales  13.05  7.8442.27 5.08+1.96 1.02+0.68 0.45£0.03 0.15£0.07
3-methyl-1-butanol
2-BFfiE 2-heptanol alc6  18.58 9.40+1.32 3.11+0.29 3.81+0.76 1.44+0.17 0.41+0.08
F-I#% 1-nonanol alc7 22.10 3.96+0.52
F5HiEE linalool ale8  29.32 5.0440.51 7.75+3.52 8.07+0.61 14.43+2.86 19.97+2.02 20.02+4.67 20.24+3.02
2,3-T % alc9  29.88 29.16+16.32 48.97+9.58 64.04+0.45 45.07+11.18 52.1544.92 37.68+6.26 60.00+£5.25 56.74+0.57
2,3-butanediol
JR % benzyl alcohol alcll  48.61 0.30+£0.02 0.12+0.08
WK alc12  50.77 6.25+0.19 7.34+3.68 2.88+0.08 1.80+0.27 0.50+0.05 0.39+0.03 0.19+0.08 0.17+0.02
phenylethyl alcohol
@E% ?LE&L@E ethyl lactate estl 18.92 0.23+0.05
v- T T estS 3224 8.56+2.13 3.26+1.20 _ _ - _ 5.24+3.60 5.62+2.49
y-butyrolactone
J% " FARLZE methyl est6  39.98 B B B B B 0.23£0.06 0.68+0.04 1.13£0.26
hydrogen glutarate
LB g est7  45.15 0.47+0.07 0.36+£0.05 0.30+0.07 0.48+0.04 0.19+0.02 - - -
phenethyl acetate
A% 39%3L2-TT acetoin ketl  15.87  9.63+1.68 9.50+1.75 1.07+0.18 8.07+0.80 10.40+3.44 25.57+14.32 3.48+0.06 3.37+0.03
3-Z - T ket2  20.81 _ 1.57£026 0.81£0.04 0.44+0.07 _ _ _
2-acetoxy-3-butanone
7K M acetophenone  ket3  34.65 3.25+0.06  1.93+0.59 _ _ 0.21+0.06 _ -
23-T i ketd 3791 0.75£0.01 1.60+0.58
butane-2,3-dione
MK 2,3,5- = 3Lk pyl  21.68 0.36£0.07 0.43£0.05 0.22+0.03 027+0.08 0.20+0.01 0.17+0.03

2,3,5-trimethylpyrazine

e Rkt

Note: — indicates undetected.
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Tab. 4 Volatile aroma components and relative contents of ZYP6-11 cocoa beans during fermentation period

FHX}E & Relative content/%

, o R
GBS LEAFR o o s - - - . - .
Classes Compounds name Code . Fresh bean RN F2R H3R Hax EERPS HoK CENPS
RT/min stage Istday  2ndday  3rdday  4thday  Sthday  6thday  7thday
22 W acetic acid acil  26.95 4.17+0.56 16.48+8.51 28.34+4.92 22.83+6.03 21.79+4.43 45.46+1.93 44.79+2.66
B o F gL 3. TR alel  6.50 _ 1.94£0.11 0.40£0.01 0.23£0.08 _ _ _ _
2-methyl-3-buten-2-ol
3-MEIR LR 3-pyrrolidinol ale2 829  1.2140.42 1.08+0.74 0.34+0.01 0.23+0.08 -~ -~ _ _
2-J% 2-pentanol alcd  9.69 34.16+2.04 35.29+0.88 6.41+0.14 3.61+0.33 2.73=0.11
3T ale5  13.05  8.59+2.43 8.12£1.02 1.75+0.59 1.23+0.60 0.34=0.01 -~ _ _

3-methyl-1-butanol




55 3 3] 505 AR R B R] n] i A A R A O A A LB 5 569

FR4 ZYP-UAAABIEGTEZELZEESHIREMNESE

Tab. 4 Volatile aroma components and relative contents of ZYP6-11 cocoa beans during fermentation period (continued)

X} & Relative content/%

; o PR
*:P% 4&9%%% ,ftﬁg ﬂj‘;;% ﬁg% P pa poa pa Yaran poa Paran
Classes Compounds name Code . Fresh bean F1KR Ha2x CHEPS $ax HsK Hox LIPS
RT/min stage Ist day 2nd day 3rd day 4th day Sth day 6th day 7th day
2% 2-BEfE 2-heptanol alc6 18.58  6.7440.29 2.28+0.66 0.21+0.06 - - - - -
% 1-nonanol alc7  22.10 4.57+0.40
JF KRR linalool ale8 29.32 425021 11.60+2.93 6.98+3.79 6.77£1.80 8.704+2.02 15.2048.04 17.04+6.23 16.31+£7.95
2,3-T [ 2,3-butanediol alc9 29.88 19.22+2.10 10.02+3.79 55.99+14.7047.55+11.01 59.65+20.7 48.69+7.95 20.19+7.88 19.96+1.27
e P it alc10 4473 0.99+0.03 _ _ _ _ _ _ 0.46:0.04
methylbenzylalcohol
2K Z I phenylethyl alcohol alc12 50.77  5.68+0.39 7.74+0.97 3.28+0.11 2.64+£0.41 0.38+0.07 0.94+0.04 0.83+0.07 1.16+0.20
Bk FLEAZ I ethyl lactate  estl  18.92 2.1740.59 1.91+0.21 0.30+0.01  0.24+0.02
3BHE TR EE methyl  est2 20.77 0.47+0.07 0.394£0.08 0.2840.01 0.49+0.02 0.27+0.06
3-hydroxybutanoate
v- T NS y-butyrolactone  est5  32.24  3.99+0.43 3.06+0.27 2.15+0.16 2.21+0.49
WA est]  45.15 0.14+0.03  0.61+0.05 0.60+0.01 0.24+0.02
phenethyl acetate
Z s estl0 7.75 0.07+0.01 0.13+0.05
2-pentyl acetate
kR ZE 3- i carene hydl 15.22 0.21£0.03 0.11=0.08
B2 3-¥:3L-2-T acetoin ketl 15.87 7.55£3.15 4.16£0.10 2.09+0.37 4.33+0.70 4.24+0.75 12.28+0.95 10.27+3.14 11.33+0.30
7K Z i acetophenone ket3 34.65 3.93+0.19 3.60+0.49 1.69+0.10 1.16+0.31 0.83+0.05 _ _ _
2.3-T [ ket4 3791 0.10+0.06 2.42+0.38 2.93+0.05
butane-2,3-dione
NI 2,3,5- = FF Lt s pyl 21.68 3.21+0.50 1.79+£0.32 1.11+£0.56 0.58+0.06 _ 0.27+0.04 0.53+0.07 0.56+0.03
2,3,5-trimethylpyrazine
e —FoRARKH
Note: — indicates undetected.
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