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Abstract: In order to screen cocoa breeding materials with excellent fruit traits, pulp and cocoa bean quality, 17 indica-
tors including fruit quality, fruit shell quality, fruit length, fruit width, fresh quality of seeds, pulp content, soluble sugar,
total acid, pH, sugar-acid ratio, pulp sensory evaluation (aroma, sour-sweet taste, acceptance), cocoa butter, theobromine,
caffeine, and polyphenols were measured for 11 cocoa germplasm. Principal component analysis and cluster analysis
were used to comprehensively evaluate the 17 indicators of different cocoa germplasm fruits. The results indicated that
the coefficients of variation (CV) for the 17 indicators ranged from 4.16% to 52.91%, with an average of 16.73%. Nota-
bly, caffeine exhibited the highest CV among all indicators. The CVs for pulp content, total acid, sugar-acid ratio, and
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caffeine were all above 20%, suggesting significant variations in fruit traits and quality among the 11 cocoa germplasms.
This rich genetic diversity indicates a vast potential for the selection and improvement of cocoa cultivars with desirable
characteristics. In the sensory evaluation of cocoa pulp, variety Xiangke 16 scored the highest, followed by TAS420 and
TAS1413. Furthermore, the acceptability among testers was primarily influenced by the balance of sweetness and sour-
ness in the pulp. Correlation analysis revealed that there were mainly positive correlations between fruit traits and pulp
quality, while there were primarily negative correlations between cocoa bean quality traits and both fruit traits and pulp
quality. In the principal component analysis, a total of five principal components with eigenvalues greater than 1 were
extracted, accounting for a cumulative contribution rate of 89.521%. Based on the principal component scores of each
indicator, a comprehensive ranking was conducted, with TAS420, Xiangke 16, and TAS414 scoring the highest. The
three cocoa germplasm exhibited superior performance in fruit traits, pulp quality, and cocoa bean quality. Principal
components 1 and 2 played crucial roles in the comprehensive evaluation. Among them, indicators such as pH,
sugar-acid ratio, sensory evaluation, fruit quality, fruit shell quality, and fruit width contributed significantly to the
evaluation of cocoa fruits. Based on the cluster analysis, the 11 cocoa germplasms were subdivided into four groups.
Group I consisted of TAS1413, which exhibited superior fruit traits and pulp quality but had the poorest cocoa bean
quality. Groups II and III comprised the top four germplasm in the comprehensive ranking, demonstrating excellent
overall indicators and serving as important materials for breeding superior varieties. The remaining six germplasm be-
longed to Group IV, which had relatively average fruit traits and quality. This study would provide a foundation for the
breeding of superior cocoa varieties, contributing to the diversification and development of the cocoa industry.

Keywords: cocoa; fruit traits; pulp quality; evaluate
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Tab. 1 Cocoa pulp sensory evaluation standards
STgE| WA HR e SHE
Item Evaluation standard Score

R el 16~25
AR, A RBER 8~16
TR, KB 0~8
2 itk WA, RRRIR 16~25
PR I 8~16
[ELR 0~8
ez He 2 16~25
— 8~16
BOfEEZ 0~8

1.2.5 TR n) ) i 2 kDT
Ik HFEEE N, FRIC1.S g 24 (i my, g)
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FEY, W XMECE 2 h, BEJE 7RSS L
75 CHHE S h, TR HEFREF RN my, g ).
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AL A i (me/g ) :_mzn—lms X 1000

1.2.6 T T #sfwoimede B0 2 ] A AR uf A R AR
i YANG 2V Jy sk b A7 K o FRH 0.5 g AT AT A3
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A EE-BERR /K (20 : 1 :79), P 1 mL/min,
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Tab. 2 Cocoa germplasms fruit traits

R

Fruit width/mm

il i i ek

Fresh quality of seeds/g

R
Pulp content/g

il R L ey R
Germplasm  Fruit quality/g ~ Fruit shell quality/g  Fruit length/mm
TASSS 513.05+29.95% 395.29+26.08" 144.99+1.65
HFr 165 699.19+48.30° 503.42+25.60° 164.39+8.04
TAS46 630.17+£37.08" 500.26+27.18" 161.14+3.50°
TASS8 518.56+22.78% 378.27+19.10° 143.68+12.11°
TASS82 402.16+32.63° 264.95+29.16¢ 144.91+3.16°
TAS119 450.07+44.96% 353.42+41.98™ 146.37+3.83"
TAS414 468.08+39.11% 339.22+31.55° 174.91+3.13
TAS420 674.25+44.64° 522.61+49.13" 161.97+4.28°
TAS611 510.26+21.43% 375.81+11.57% 134.16+7.71°
TAS1411 581.46+30.40% 422.52+41.04° 161.81+8.09*
TAS1413 636.01+9.22% 420.44+18.03° 173.03+6.39*

87.83+1.97%%
100.16+3.18°
93.40+2.45°
86.99+0.14°4"
83.08+2.76°"
84.96+2.85%"
81.70+2.59f
99.79+2.39°
90.18+1.99"¢
88.70+1.08"¢
90.81+3.24%

73.57+6.23%¢
97.30+14.29*
64.24+6.31¢
72.24+11.81°
91.23+2.22%
61.86+4.24¢
65.92+8.96°
96.08+8.80"
84.16+11.89"
76.43+6.90
111.34+19.72°

44.19+1.67™
98.47+12.39%
65.67+5.03°%
68.05+7.89°
45.98+2.91°M
34.79+2.98"
62.94+5.94°4"
55.56£16.59%"
50.29+4,15%M
82.51+£14.92"
104.23+9.64

T SR E AN 5 B3R m A PR 22 53 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Tab. 3 Cocoa germplasms pulp quality traits
il AL ERE S R MR WERR L

Germplasm Soluble sugar content/(mg-mL D) Total acid content/(mg-mL D) pH Sugar-acid ratio
TASSS8 101.75+7.39° 10.52+0.46° 3.59+0.07% 9.68+0.69%"
H] 16 5 92.99+4.18" 6.84+0.31¢ 3.89+0.16" 13.61+0.78°
TAS46 115.71£11.54°¢ 16.29+1.73° 3.48+0.08% 7.17+£1.17°
TAS58 129.88+9.29° 15.41£1.15° 3.37+0.09° 8.44+0.61"
TAS82 127.15+4.04% 10.72+0.71° 3.46+0.07% 11.91£1.15%
TASI19 117.65+4.53"¢ 13.10+0.77° 3.60+0.16"¢ 9.00+0.70e"
TAS414 148.31+4.65° 7.86+0.49¢ 3.68+0.10" 18.90+0.79°
TAS420 114.10£10.50% 7.43+1.20¢ 3.79£0.11% 15.75+3.87°
TAS611 107.00+3.94% 9.50+0.33¢ 3.59+0.04% 11.26+0.09%
TAS1411 124.03+10.84% 10.25+0.76° 3.510.12°% 12.13+1.32¢4
TAS1413 119.73+6.06"¢ 9.59+0.86° 3.70+0.04% 12.51+0.52°

TE: FFEER G AR/ NE 5 B3R R AL PR 22 53 B 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Fig. 1 Sensory evaluation radar image
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Tab. 4 Quality characteristics of cocoa beans from different cocoa germplasm mg/g
i LGP g = CICIR S = WA DA 2 Z W
Germplasm Cocoa butter content Theobromine content Caffeine content Polyphenol content
TASSS 451.35+8.09% 14.49+0.10° 1.62+0.01" 59.24+1.06%
H] 16 5 411.14%9.62°" 15.81£0.04° 1.40+£0.01¢ 68.91+1.30°
TAS46 401.12+9.30" 15.12£0.21° 0.68+0.017 57.54+1.07%
TAS58 438.24+7.31°¢ 15.4140.11° 0.83+0.02 56.72+0.85°
TAS82 411.34+6.82°" 16.92+0.08" 1.76£0.01¢ 63.53+0.44"
TASI19 443.16+9.48" 11.82+0.20¢ 2.59+0.05° 65.13+3.20°
TAS414 430.45+4.78% 13.67+0.02° 1.40+0.018 60.44+0.42°
TAS420 465.64+2.63° 13.05£0.04° 4.090.02° 64.60+1.19"
TAS611 424.59+5.42% 14.54£0.44° 0.96+0.02" 66.82+1.50"
TAS1411 400.68+8.81° 13.29+0.04" 1.91£0.01° 64.14+2.65°
TAS1413 372.53£6.93¢ 7.85+0.04" 1.72+0.01° 42.29+1.76"

T FFERE A /N

G RR AL B 22 57 8 2 (P<0.05) o

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).

®5 WARZ 7T NMERHNERREY

Tab. 5 Coefficient of variation of 17 indicators in cocoa fruit

Eizg ) R E He/ME A bR 22 5 RA

Index Maximum Minimum Average Standard deviation CV/%
R /g 699.19 402.16 553.02 92.88 16.80
Roclia/g 522.61 264.95 406.93 74.69 18.35
K /mm 174.91 134.16 155.58 12.71 8.17
9 /mm 100.16 81.70 89.78 5.79 6.45
Foh - fif T ik /g 111.34 61.86 81.31 15.24 18.74
AT/ 104.23 34.79 64.79 21.30 32.88
] A/ (mg-mL ) 148.31 92.99 118.03 14.19 12.02
SR /(mg-mL™") 16.29 6.84 10.68 2.95 27.62
pH 3.89 3.37 3.61 0.15 4.16
R L 18.90 7.17 11.85 3.24 27.34
B 19.07 15.33 16.73 1.13 6.75
1 il Jak 20.93 14.87 18.15 1.78 9.81
ez 22.33 17.00 20.30 1.68 8.28
af ] g i/ (mg-g ") 465.64 372.53 422.75 25.44 6.02
AR A A (mgg ) 16.92 7.85 13.82 232 16.79
WE A £ i /(mg g ) 4.09 0.68 1.72 0.91 52.91
LW R/ (mg-g ") 68.91 42.29 60.85 6.92 11.37

PR I S RN, 4350 8.17% ., 6.45%. R HRIEAHIC, Hr, BRAEANR G332 5 20 0 % E
P, RIS 3 R EUROR, N 27.62%, W%OM&%4A%ﬁ(wiﬁ&w iR Ik |

25 TFIA[FRRELIEFREXES T
XFRIATERSEAY 17 DN 4EAREE1T Pearson AH G
AT, BERUNE 2 P ] AT SR SEAR bR 2 WA TR
AR A O . SRR 2R A FE A Z (] 3
HEIEAHG, HRLFE S Rama ., Rz 2
Wt TEAHOE (P<0.01 )o SR RECE PEM A5 2 1]

2R ) Z AR B OMOG, I HAHOC R AL
¥I7E 0.80 LA I
26 RELEHRERSSTRESITEN

K R T 22X 1145y T ] b %) SR 5248 b
WEAT ERGAT 0T, A5 RNEE 6 FrR . SEEREUE 5 A4
FREERT | ESS, BiFsiik®h 89.521%,
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R R 0.95 IFEA 0.92 REE —0.25[0.57 [0.10 [ 0.45 | 037 | 0.43 |-0.22]-0.24] 0.18 |-0.13 1.0
RRRE 0.41 XN 0.23 | 0.46 —0.12] 0.51 [ 0.00 [ 0.35 [ 0.20 | 0.28 | 0.00 |-0.14] 0.23 | 0.01

SN 0.24 | 0.25 0.29 |-0.37] 0.51 | 0.59 | 0.14 | 0.51 | 0.45 [-0.40]-0.45] 0.17 [-0.38
5 0.50 | 0.44 —0.29] 0.61 | 0.05 | 0.53 | 0.35 ] 0.37 | 0.01 |-0.02] 0.29 | 0.16

e R 0.56 |-0.33 0.51 [0.33 [ 0.45 | 0.63 | 0.60 |-0.37]-0.32] 0.27 |-0.27 -05
REEE —0.10|-0.26] 0.36 [ 0.22 [ 0.42 | 0.46 | 0.47 BN —0.34]-0.22]-0.42
] 0.17 |=0.42] 0.34 |-0.41|-0.16|-0.24|-0.06|-0.11|—0.06|-0.28

BB A 0.80 —0.84 VRSN —0.07 | 0.15 [0.43]-0.26
pH * 0.62 0.07 |-0.30] 0.45 | 0.16 0
VERR L * 0.37 0.10 |-0.15] 0.39 | 0.13
SAHHE 1 0.45 | 0.54 [-0.06]-0.16] 0.05 | 0.25
EEERRSME o Pl —0.11]-0.25] 0.53 | 0.16
B2 A —0.06|-0.41] 0.47 | 0.07
A ATRg 0.30 | 0.47 | 0.49 05
Al AlAE —0.32
WmAEE 0.20
EA N —0.88
FFF TS FE S @ B g &
& 7 @ @ @ & 4§ @ N
% & X%
*FRWFEMIE (P<0.05) , **FRWEBEHLE (P<0.01) .
* indicates significant correlation (P<0.05), ** indicates extremely significant correlation (P<0.01).
B2 FAIARELIERERES
Fig. 2 Correlation analysis of cocoa fruit indexes
*6 MERIRISHETERE. HEEERTEHER
Tab. 6 Principal component load matrix, eigenvalues, and contribution rate after rotation
Eiz7n F 1 ES ) Fr 3 TS 4 FEA 5
Index PC1 PC2 PC3 PC4 PC5
SRS 0.228 0.937 -0.169 -0.167 0.034
ST 0.058 0.989 —0.041 0.044 0.057
Bk 0.369 0.358 ~0.333 ~0.230 0.730
By 0.262 0.922 0.043 0.025 -0.215
b I i 0.635 0.224 —0.408 -0.255 -0.325
RAG= 0.337 0.458 -0.300 ~0.700 0.184
CiRcaZeaii —-0.142 -0.568 -0.137 -0.018 0.737
R -0.973 -0.047 —-0.068 -0.078 -0.045
pH 0.788 0.474 -0.019 0.107 0.027
W 0.807 —-0.083 0.067 0.096 0.525
A 0.635 0.354 0.177 ~0.220 —0.248
i iR 0.915 0.152 -0.111 0.021 0.089
Wz 0.897 0.200 -0.200 0.040 0.011
CINHY Ry -0.028 -0.020 0.362 0.849 —0.040
CINER T iy -0.218 —-0.073 0.875 -0.030 -0.088
o R 0.425 0.166 -0.281 0.785 0.047
L 0.221 0.026 0.832 0.346 -0.161
L RIED 5.338 3.875 2.180 2.174 1.651
TR /Y% 31.399 22.797 12.824 12.788 9.714
FIFTIRCR/ % 31.399 54.196 67.019 79.807 89.521

RS A TR T 17 AR AR SR bR T2

SH. R 1 RERIE(E SN 5.338,

TTHRAR N

31.399%, HHFRENER | 52 B STk R K, 2
T FERST 1 FEAR

faf (B394 0.915, 0.897,

HWMER . ENG 2 MRRIEE A DT R o

WA 3.875. 22.797%, REFiE ., RiE, R
FER TGRS, HATEHY KT 0.900, ERLS) 3
FEMSr 4 TR, #B7E 12.000% 44,
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F RS 3 R AT gR AR B TTERER Y 0.875
0.832, FHisr 4 Hralml . osEE BTk 5N
0.849. 0.785, X LEHEHRAE A 3 W40 1 TR AL
W, AT E RS 3 Ry 4 EEARAT TR
m R . TR 5 T ZE BTk RN 9.714%, H
RN AT R R DTk 8 =, B4 0.700 DL
B S AERIT I Fr. Fay Fs. Fy. Fs
N, RS TTERCR AR BT L A TR AR LY F=

0.313 99F,+0.227 97F,+0.128 24F5+0.127 88F 4+
0.097 14Fs, JIRLZEAELEE, HEWLER 7. £ Fi. Ry
M Fs 80, &) 16 SRR, e
1.391.1.426 .1.266; F4 153535 =14 TAS420( 2.063 );
TAS420 7E Fs i3 e, A 2.337. TAS420 fe%
CAAHEA S —, RSN 1. 2. 4 S EHE .
HURA] 165, EEMSF 1. 2. 3 RIMmAF, 2
=N TAS414, FEERS 1. 3. 5 HhRIBNLR .

%7 FRTTHERZERABIREABS

Tab. 7 Principal component scores and comprehensive scores of fruits from different cocoa germplasms

i Germplasm F, F, F; F. Fs F HE4% Ranking
TAS420 0.829 1.305 -0.324 2.063 0.327 0.812 1
Al 16 5 1.391 1.426 1.266 —1.064 -0.502 0.740 2
TAS414 0.733 —1.038 0.591 —-0.097 2.337 0.284 3
TAS1411 0.226 0.003 —-0.087 —-0.336 0.604 0.076 4
TAS611 0.286 -0.457 0.826 —-0.382 -1.520 —-0.105 5
TASS8 —-0.331 -0.193 —0.080 0.820 -0.797 -0.131 6
TAS119 -0.480 -0.584 -0.325 1.321 -0.466 -0.202 7
TAS1413 0.621 0.110 -2.633 -1.187 -0.175 —0.286 8
TAS46 —2.046 1.318 0.232 —0.597 0.645 -0.326 9
TAS82 0.107 -1.674 0.343 —0.191 —-0.454 —-0.373 10
TASS8 —-1.335 -0.217 0.190 -0.351 0.001 -0.489 11

27 1N BATAIREZEESH

W BT Fe bR AT AR AL AL FR IR 4 BR
%R BT 11 3 v] nlFh R4 T R 28000, 25 SR an &l
3 i MVHIBRICHEE Ry 1.5 BF, 11/ Fhsisk
IR 4 NN, TAS1413 NE—2, HRR 7
PRI SRS RREEEN AR AR LS

TASS8
TAS119
TAS611

TASS82

TAS46

TASS8
TAS414

TAS1411

&1l16

TAS420
TAS1413

0 01.5 11.0 1.|5 2.10 2.5
SRR G FEES Mean euclidean distance
B3 11 A AIMRRLIERERS

Fig. 3 Cluster analysis of 11 cocoa germplasms
fruit indexes

ELH O] R G ) IR A H A 25— 28 BT 16 5
Il TAS420 A5 2, HIRH MR NILR. 6
=K 4E TAS414 Fl TAS1411, HLGAHAM T
B MBN, FRARAE S, Bl TIRBE KT F
AR 6 Y FRE TN, 2B B — .

3 iTig
BRI 15%0 F, THERASEN
A5 S5 RAGE 32.88%, KW 11 fy Al Al Fp o SR 5L 22
SRk, X EE G A A] RN A R 4 e,
SR ZREE B BARR I 25 IR R R R S
BN AR MR RS TR g 28D,
11 Rl S, TASS2 BY 23 R B, N 34.12%,
HYE TAS1413 FI&W] 16 5, 4058 33.89% .
28.00%. MR TASS82 (4T A ¥k, HHIR L
PEAR . RSB ZE, FA 16 5. TAS1411,
TAS1413 5 A 2 35 55 T2 h M U S i 52 )
6 RN, T TAS1413, HUR P ik 16.38%.
PRI 1L AR TR AR ST, SRR pH Y
fE 3.30~3.90 Z[H], ZBRREE/N (416%), F
BA AR B pH S FEIE/D, 5 NUNES %P50%
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AR E R (pH<4.50 ) KRMLEEAHT . T
TAS46 1) AR &t fi e, 1 ACH: R SR (i e A1
TS5 SO PP A2 B A AR o AE XS ] mT SR R R
TN PF R, ZBHEARERT, HAH
BFlal g . A WFT 2B, TR ] v] SR IR I % 1
Oy EERERESAER, FEEME AT BEM
HEA, Hp 2R, FEEEN FD W (X
BRF RN T ) B, AR TTRkE R Pl

ARG R, SRR RSB AT
L SR 3G T ) RGBT B O BT, A
gedgH, RIETF AR = A ) 2 R AR
[ 245 Vg AT AT SR A S VM E AR 22 5, IR
Wi ] AT LA XU, BRI, SRR SO S A el ]
FHABETSMES P 78 KBRS R A
FE, HFINTEE . YRS, mTtmaraiis.
RN E R BERERRANSS, (AREMRE
HA, 76 % TR 40 B 40 0 R AL S 2 A TR ™ 1),
Rl e BT A, FRARER R AR,
A S e S P, AT A S P AT B A
FIH, A, DAAEE Al Al FoAs b & o,

Al A] g A2 B 0 AR R BT B 6.02% |
11.37%, T2 I%F 54 453wl ] Fh 5 o i 2 1)
A RB (RTAT AR 11.52%, ZEh 14.42% ),
AIRE S REA | BRI S D&, AT a] B A
Mk PR AG H A T AR R Jal 43 = K28 8E ( Criollo |
Forastero F/1 Trinitario ) FMKHE, X 7] HE-5 MnMER
HHEAEAE S (R REON 52.91%) 4K,
AIAARXS TR Al G s B E 2, EAE A ARG R
HOE BURR BRI, 3B PR T 15 5 1 i P 3 i
F5F TR, (T 50 7 ELA R 4 R A 11l T
FHJLHENERS (W AT g AR R 45 ) 2 m2fb &
Yy ) B T AT A SR R R Y R EORTR, 2
XiF 1% 7 7 JRUIG AT (2 0 Al 28 O 0 R O
NS A 4 3 DA IO T A2 7 R R T
MM R, KRS RES, ZBMNmEHB T
FEPl AP0 A AR A e PR 00 3 e R AT
Fo 3 0] 1] G AN Bl R, DT % Mt o A
BRI 21 11 G3Fh T, TAS420 BRI AT RS . BHE R
SRR, N 465.64, 4.09 mg/g, HfSHAE
FAYy 3. 4 PRG54 . TASS2 ] il g 2
wi (16.92 mg/g ), T2 W& & im0 A ]
16 5 (68.91 mg/g ).
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