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Comparative Analysis of Volatile Flavor Compounds in
Taiwan Apple Mango and Philippines Carabao Mango
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Abstract We investigated the physicochemical properties and volatile flavor compounds in Taiwan Apple Mango (TAM)
and Philippines Carabao Mango (PCM). The volatile flavor compounds were extracted using solid-phase microextraction
(SPME) and analyzed by GC/MS. TAM and PCM have significantly different chemical composition, except for their crude
ash. The moisture and crude fat contents were higher in TAM, whereas the crude protein and carbohydrate contents were
higher in PCM. The major free sugars in order of concentration were sucrose, fructose, and glucose. We identified 56 and
59 volatile flavor compounds in TAM and PCM, respectively. Terpenes and their derivatives comprised 94.42% of the
volatile flavor compounds in TAM, but only 63.79% of those in PCM. The acidic compound contents were higher in PCM
than in TAM. §-3-Carene was the dominant flavor compound in these two mango cultivars. o-Copaene, a-guaiene,
germacrene D, a-bulnesene, and y-gurjunene were found only in TAM, whereas B-myrcene, o-phellandrene, B-phellandrene,
o-terpinolene, and cis-3-hexenyl butyrate were identified in PCM. Based on the results, we suggest that these compounds
might contribute to the distinguishing flavor properties in different varieties of mango.
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o] B4 9 APPor EAsth #4%
mLe] AFoE|22 EAAIA °]E 2,000 rpmel|A]
10%7F A1 E2] 7] (Centrifuge HA-12, Hanil Science Co.,
Incheon, Korea)Z #2]3+ & wFHo] AALA YEE A5
HEE AAsISIT. ol W A4rkisE olgste] Aol
HEES &3] STAZTE Aol AAE AFel SFF 25mL
£ 718ty ol A7 W A2l thE 045 pm membrane
filter (Whatman No. 2, Whatman Co., Maidstone, UK)Z <]=}3}
o] HPLC (Agilent 1200 Series, Agilent Co., Santa Clara, CA,
USA)°ll mobile phase> o EUEHACN)Z SHTE 80:202]
) v &= E§ste] ZASL, column (Asahipak NH2P-50 4E
4.6x250 mm, Shodex Co., Tokyo, Japan)oll 10 uL¥ FdsIAtt.
£Z847E 1.0mL/ming SHRWOM HEL refractive index
(RI) detector (Agilent 1200 Series G1362A, Agilent Co.)E ©]&
ek #E5F &AH A8 frEld peakE AF HlaLste] &
datlen, A% 7t EF HAEFFAS 2T F peakd]
WA A AZEAT. FF EF ETEHLS fructose, glucose,
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SPMEH0| 2lgt Uy SV|MES| F&
3jukyg gr)AdEe] S22 SPME (Solid Phase Microextraction

o
0k

Fiber Holder, Supelco Inc., Philadelpia, PA, USA)°l polydime-
thyl siloxane divinylbenzene (PDMS/DVB)ZE ¥ fibers AME-31%1
o} &4 2zl SPME fibers 250°ColA 30 <t E4dslst of
+ A" AR 100gS Fste] UF EFEZZ n-butylbenzene
(Sigma Aldrich Co.) 1pLE #H7Ie & A& 5g& Wk,
headspace® vialoll #3dled 45°CollA 208 718 FA13F & SPME
£ TR A9 108 33t 20l it Als o] 3t
A &714 52 PDMS/DVB fiber (65 um, Supelco Inc.)oll 24
2.

3N MRS BY

A PR AR VA AZrfE e ) /A g 7|
(7890 GC/7000 Triple quad GC/MSD, Agilent Co.)5 A3}
Z, column (DB-5MS 025 mmx30m, 0.25pum, Agilent Co.)S
AREFAL, SEERIL 40°CoA 3%ZF FA vy 2°C/min
o] &5 2 200°C7HA ASA AL, carrier gas (He)d 52
I mL/minZ 39 228 3gE2] o]3l= electron impact
ionization (EI, 70 eV 2 33N ™, ion source?] L&
250°CE sttt AT EAFe] WelE 33-500 (m/n)= At
At} GC injection®] 2=+ 230°CE AA 3t SPME fiberS 3
E7F g3tsle] splitless mode® Y 3FA T

32 g|dEe| &l M

GC/MS®l| 23]l total ionization chromatogram (TIC)ol ¥2]¥
Z} peak?] J #2412 mass spectrum library (WSNO. L, Agi-
lent Co.)oll 2|3+ 712} mass spectral data book2] spectrumol] <]
g B3] A 24 doly HAs viegeR 4% F4315)%
AL, ERIE 3 IEES] A UE 2FEE=E vk
n-butylbenzene (Sigma Aldrich Co.)ell st z} s3] g2l
peak area (%)= EAIESITh

SH X2

guk A B HEE B 42 33 Bk AAste A9E
B AI*2] SPSS (statistical package for the social sciences) pack-
age (Version 2.0, SPSS Inc., Chicago, IL, USA)S A}g-3le] &AF
4, s Ba+EFAAE JeRAT 74 A8 EAAH
of tigt FYAd HAL EAEAS g T p<0.05 FFolA

Duncan’s multiple testS 2 A] 5} Th.

[

e k-,

b EA

Al A 71t gae) dig 4b ol E ware] dRkgE &
S B3 A3 Table 13 2o} a9 A slglate. ©ae]
FELO 82 1140.02%, Z3|E-0] 0.26+0.02%, ZA 0.05+0.00%,

T 0.54£0.02%, BHFEHE 17.04+0.02%, D 70.73£0.71 keal
ol Uigt 4t o E W= FE 86.37+0.54%, ZI|E 029+
0.03%, ZA% 0.09£0.01% Z¥ 0.35+0.00%, EHF3HE 12.90+
0.54%, G 53.82+021 kcalZ EAEAT} o|e] AHAH
b A FERe gink A o] & WaroA] mokom, iz
gerstE ke ded A Jlebuke WAootk e X
SE S A% R g EA FolF 2ol B
o} An(16)2] AFollA tirt 2tk FU FE AF 4 o E wh
I (ES: Iwinye] RS BA8 A3 4 86.17+0.51%, =
BE 0.27+0.02%, ZA 0.09+£0.00% ZTHH 0.22+0.01%, T3}
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Table 1. Proximate composition of Taiwan apple mango and

Table 2. Free sugar contents in Taiwan apple mango and

Philippines carabao mango Philippines carabao mango (Unit: mg/g)
Composition Taiwan apple Phillippines carabao Free sugars Taiwan apple Phillippines carabao
mango mango mango mango

Moisture (%) 86.37+£0.54 82.1120.02° Fructose 4.92+0.10" 5.73+0.02°
Crude ash (%) 0.29+0.03* 0.26+0.02° Glucose 0.36+0.01° 1.7440.02*
Crude fat (%) 0.09+0.01* 0.05%0.00° Sucrose 12.38+0.04° 16.86+0.13*
Crude protein (%) 0.35+0.00° 0.54+0.02° Maltose ND? ND
Carbohydrate (%) 12.90+0.54° 17.04+0.02° Galactose ND ND
Calorie (kcal) 53.82+0.21° 70.73£0.71° Lactose ND ND

"Mean values+SD (n=3). Total 17.68+0.01° 24.33+0.19°

**Means with different superscripts in a row are significantly different
at the p<0.05 by Duncan’s multiple range test.

E 13.20+0.74%, E%F 54.50+0.85 kecal® Hsle] FU3 =91
vt 4 ofF oo} i, 238, ZAW, wrskE, GElA
o)A Aolg HolA| gen, B AR Ao} FA8FAH.
fEg g 24

hephte. Wk ofE Ware] fEd S BAMe Ax F
A& EF sucrose, fiuctose 2 glucose”t AEENOH 1 A=
Table 29} 72t} ] AF Flekule Warol A sucrose, fructose
2 glucose?] ko] ZHz} 16.86£0.13, 5.73£0.03, 1.74+0.23 mg/g
G2, tivk 2F ol Z WE Zzb 12.38+0.04, 4.92+0.10, 0.36:0.01
mg/gl & YR T FF 7 AelE BTk v F AR B
SFollA] sucrose?] SHgFo] 7 =kO ™, fructose®} glucose®] =
o2 =2 BEAS BITh T3 ole} e A9 fET T
< FF 1 FAACE FYg AolE BAUTH(p<0.05). 2t
F AlZEo|A maltoselt lactose?} 732 ©|FF9} galactose= 7
=R eFkom, o]= An(16)°] AFAF ofEare] Azt o
=

ﬂ

S

YMean values+SD (#=3).

?Not detected.

*®Means with different superscripts in a row are significantly different
at the p<0.05 by Duncan’s multiple range test.
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2] mE ware] FES dEste] gEjd A giepute W
J9h gk AF ol E gare] 3 AIHES SPMEHS o83
o FE3%0H, o] FIFES GOMSE 43t T899 3
g 7)1 E 249 A= Table 33 23 54 F1HE9
Fs7lel me A HES Table 40 YERSITE £ F F
Z 3 AR GOMSEA ZIE Fig 19 =248HHch diwt
b o E HadA 28, 49 5639 I PIEE F H
279 2 =4S A93FL hexyl butyrate, ethyl nonanoate,

neryl acetate 52 X3 esterF7F 55(0.40%), aldehydeT <}
ketone 7t 22} 3%:(0.20, 1.38%), alcoholF<} lactonefollAl 742}
1%5:(0.13, 0.02%) 2 7El sghEolx 65(3.45%)° sHgEel &
AEUA, acidiFo SIFES sHHA LUt 549 =9
ShrEe HEZAF 2 A, ketoneTF, esterfr, aldehydef,
alcohol#, lactone™ =02 =7 UEFITHTable 3, 4).

Table 3. Volatile compounds identified by GC/MS in Taiwan apple mango and Philippines carabao mango using SPME as extraction

method
No. Compounds (area %) RT" (min) ™? PM?
1 Dimethylamine 2.192 A 0.14
2 Acetic acid 3.142 - 0.87
3 Ethyl acetate 3.525 - 0.14
4 Methyl benzene 5.016 1.38 0.01
5 Spiro[2.4]hepta-4,6-diene 5.074 - 1.38
6 1-Chlorodecane 6.038 0.06 -
7 1,2,3-Trimethyl-(1a,2b,3a)-cyclohexane 6.078 - 0.01
8 Hexamethyl cyclotrisiloxane 7.126 0.36 0.12
9 1,3-Dicyclohexyl-2-methyl-propane 8.069 0.14 -
10 (E)-4-Hexen-1-ol 8.418 - 0.40
11 6-Hydroxyhexan-2-one 9.123 0.08 -
12 Hexanoic acid 9.500 - 0.26
13 Octanoic acid 9.533 - 0.30
14 o-Pinene 12.421 0.58 0.20
15 Camphene 12.967 0.01 -
16 B-Myrcene 15.922 - 1.97
17 Octamethyl cyclotetrasiloxane 16.046 0.86 5.86
18 o-Phellandrene 16.625 - 0.80
19 5-3-Carene 17.077 17.78 8.11
20 y-Terpinene 17.177 - -




194

AN EASEA A 47 AA 2 5 (015)

Table 3. Continued

No. Compounds (area %) RT" (min) ™? PM?
21 o-Terpinene 17.522 0.05 0.02
22 cis,trans-oi-Farnesene 18.031 - -
23 B-Phellandrene 18.225 - 2.82
24 Sylvestrene 18.241 - -
25 trans-f-Ocimene 20.290 3.80 0.15
26 Linalyl formate 20.383 - 0.57
27 Isoamy] butyrate 20421 - 0.01
28 o-Terpinolene 22.348 - 1.80
29 5-2-Carene 22.410 - 0.21
30 Linalyl acetate 23314 - 0.01
31 Linalool 23.326 - 0.01
32 Nonanal 23.596 0.09 -
33 Decanal 23.847 0.01 -
34 2-Methyl-5-(1-methylethenyl)1,3-cyclohexadiene 23.887 - 0.19
35 3,6,6-Trimethyl-2-cyclohexen-1-one 23.897 0.15 -

LSY n-Butylbenzene 24.029 * *
36 Limonene 24.857 0.24 -
37 cis-Allo-ocimene 25.260 0.21 -
38 Neoalloocimene 25272 0.01 0.07
39 1,3,5-Tris(methylene)cycloheptane 25.453 - 0.19
40 1,4-Diethoxy-2-butene 25.506 0.07 -
41 Carvyl acetate 25.846 - 0.02
42 Dihydroneocarveol 26.275 - 0.01
43 Octanal 26.545 - 0.01
44 trans,cis-2,6-Nonadienal 26.89 0.02 -
45 Decamethyl cyclopentasiloxane 27.756 0.70 -
46 p-Acetyltoluene 28.839 - 0.01
47 cis-3-Hexenyl butyrate 29.365 - 0.41
48 p-Cymene 29.369 - 0.13
49 2,6-Dimethyl-3,7-octadiene-2,6-diol 29.450 - 0.01
50 Hexyl butyrate 29.777 0.01 0.01
51 B-Cyclocitral 31.146 0.13 0.01
52 Phenethyl alcohol 31.744 0.08 0.04
53 Ethyl nonanoate 36.798 0.01 -
54 trans,trans-2,4-Decadien-1-al 37.858 0.01 -
55 4-Hydroxy-2,5-dimethyl-3(2H)furanone 39.302 0.18 2.24
56 a-Cubebene 39.873 0.22 0.01
57 Ylangene 41.109 0.12 -
58 a-Copaene 41.422 0.75 -
59 B-Elemene 42.518 0.23 -
60 Ethyl caprate 43.154 - 0.01
61 a-Gurjunene 43.537 0.03 -
62 B-Cadinene 43.744 0.18 -
63 4-Ethenyl-4,8,8-trimethyl-2-methylene-bicyclo[5.2.0]Jnonane 44.039 3.83 0.02
64 1-Methyl-5-methylene-8-(1-methylethyl)-1,6-cyclodecadiene-germacrene D 44.684 0.01 -
65 a~Caryophyllene 46.114 13.49 3.46
66 B-Caryophyllene 46.122 0.18 0.04
67 Neryl acetate 46.509 0.14 -
68 Aromadendrene 46.585 - 0.01
69 Longifolene 46.593 - 0.02
70 a-Guaiene 47.321 0.94 -
71 Aristolene 47.162 - 0.15
72 8-Cadinol 47.684 0.01 -
73 Isoledene 47.809 - 0.01
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Table 3. Continued
No. Compounds (area %) RT" (min) ™? PM?
74 Germacrene D 47.866 0.68 -
75 B-Selinen 48.149 - 1.67
76 Eremophilene 48.298 - 0.07
77 B-Ionone 48.338 0.49 -
78 Valencene 48.606 0.01 0.11
79 Ledene 48.729 0.03 -
80 Cyclosativene 48.752 1.03 0.03
81 y-Gurjunene 48.984 0.68 -
82 a-Muurolene 49.152 0.69 0.01
83 a-Bulnesene 49.430 1.56 -
84 y-Cadinene 49.868 1.93 0.01
85 1,6-Dimethyl-4-(1-methylethyl)-(1,2,3,4,4a,7)hexahydronaphthalene 50.005 0.35 0.03
86 8-Cadinene 50.521 4.00 0.02
87 1,2,3,4,4a,7-Hexahydro-1,6-dimethyl-4-(1-methylethyl)naphthalene 50.964 0.35 -
88 a-Cadinene 51.249 0.41 -
89 Dodecanoic acid 53.458 - 0.05
90 Ethyl laurate 54.913 - 0.02
91 2,6-Difluoro-3-methylbenzoic acid 55.647 0.06 -
92 Hexadecamethyl cyclooctasiloxane 59.747 0.01 -
93 y-Hexalactone 60.353 0.01 -
94 Ethyl myristate 65.623 0.01 -
95 Palmitic acid 74.267 - 1.98
Total 59.45 37.26

YRT: retention time.
PTM: Taiwan Apple mango. ?PM: Phillippines Carabao mango.
“Not detected. “1.S: internal standard.

Table 4. Relative contents of volatile compounds identified by
GC/MS in Taiwan apple mango and Philippines carabao mango,
and their classification by functional groups

Taiwan apple
mango

Phillippines carabao

Functional groups mango

Number” Area%” Number  Area%
Acids 3 - 5 9.29
Alcohols 1 0.13 3 1.21
Aldehydes 3 0.20 1 0.03
Esters 5 0.40 9 322
Ketones 3 1.38 2 6.04
Lactones 1 0.02 - -
Terpenes and derivatives 37 94.42 36 63.79
Others 6 3.45 3 1643
Total 56 100 59 100

YThe number of identified compounds.
JThe area % of identified compounds.
*Not detected.
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+EI TIC Scan Thailand_spme2.D
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\ A: Taiwan Apple mango
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Fig. 1. GC/MS chromatograms of the volatile compounds in Taiwan Apple Mango (A) and Philippines Carabao Mango (B) extracted by

solid-phase microextraction.
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