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quality of macadamia germplasm resources, and also essential nutrients for human health. With
the consumers becoming more concerned with healthy foods, large amounts of nutrition-related
data are needed to screen excellent nut germplasms. Yunnan is the main producing area of
macadamia nuts. This study aims to investigate the differences in fatty acid composition among
seven main varieties in Yunnan and screen macadamia nut varieties rich in specific fatty acids.

[ Methods] Seven macadamia varieties (A16, 816, Guang 11, HAES344, HAES660, Guire 1 and
Changning 1) from the macadamia planting base of the Institute of Tropical and Subtropical Cash
Crops, Yunnan Academy of Agricultural Sciences (located in Baoshan city, Yunnan province) were
selected as the test materials. Sample collection was carried out by using diagonal method, and 10
plants with the same vigorous and no pests and diseases were randomly selected at the maturity
stage. A total of 60 macadamia nuts were collected at the low, medium, high, inside, and outside
positions of canopy, and randomly divided into three groups with 20 fruit in each group. The fresh
green peel was shelled, the kernel was immediately frozen and ground with liquid nitrogen, and
then stored at -80 °C for later use. The composition and content of fatty acids in the unit fresh
weight kernel were detected by liquid chromatography-mass spectrometry (LC-MS) with 50 fatty
acid standards and five stable isotope labeled standards, and one-way analysis of variance
(ANOVA), principal component analysis (PCA), and partial least squares discriminant analysis
(PLS-DA) were used for comprehensive analysis and evaluation. [Results] A total of 41 fatty
acids were detected in the kernels of seven macadamia varieties in Yunnan, including 13 saturated
fatty acids (SFA), 18 monounsaturated fatty acids (MUFAs), and 10 polyunsaturated fatty acids
(PUFAs). In terms of fatty acid content, the SFA content of the seven varieties ranged from
43726.20 to 102759.74 ng-g!, the MUFA content from 53590.74 to 343559.73 ng-g’!: and the
PUFA content from 8733.66 to 53692.72 ng-g'. Among them, Guang 11 had the highest content
of SFA, MUFA, and PUFA, followed by HAES660, and Guire 1 had the lowest values. A further
analysis of the contents of various fatty acids in different varieties of macadamia nuts showed that
hexadecanoic acid, palmitoleic acid, octadecanoic acid, oleic acid, cis-vaccenic acid, and linoleic
acid were the main components of 41 fatty acids, among which hexadecanoic acid content ranged
from 20218.83 to 56261.30 ng-g”!, palmitoleic acid content from 10360.40 to 125929.28 ng-g!,
octadecanoic acid content from 13438.66 to 42448.98 ng-g’!, oleic acid content from 18969.29 to
96976.32 ng-g!, cis-vaccenic acid content from 18741.46 to 95181.99 ng-g’!, and linoleic acid
content from 7435.72 to 51326.26 ng-g'. The contents of hexadecanoic acid, palmitoleic acid,
oleic acid, cis-vaccenic acid and linoleic acid were the highest in Guang 11; the content of
octadecanoic acid was the highest in HAES660, and the contents of hexadecanoic acid,
palmitoleic acid, oleic acid, cis-vaccenic acid and linoleic acid in HAES660 were second
following Guang 11, which were 42381.88, 46840.31, 52791.16, 52310.95, and 19096.30 ng-g!,
respectively. The a-linolenic acid of Guang 11 and HAES660 was significantly higher than that of
other varieties, which was 1619.06 and 1777.21 ng-g’!, respectively. Eicosapentaenoic acid (EPA)

was highly correlated with human health, and the highest content was found in Guire 1, followed



by HAES344, which was 6.26 and 4.77 ng-g’!, respectively. PCA analysis showed that the first
principal component PC1 and the second principal component PC2 contained 55.5% and 18.5% of
the original information, respectively, and Guang 11 and HAES660 were clearly separated from
other varieties. A total of 16 characteristic fatty acids were screened by PLS-DA analysis using
VIP >1 as the screening criterion. including decanoic acid, octadecanoic acid, tridecanoic acid,
dodecanoic acid, pentadecanoic acid, myristelaidic acid, petroselaidic acid, trans-10-
heptadecenoic acid, trans-10-pentadecenoic acid, cis-4,7,10,13,16,19-docosahexaenoic acid
(DHA), cis-5,8,11,14,17-eicosapentaenoic acid (EPA), linoelaidic acid, cis-13,16-docosadienoic
acid, cis-11,14,17-eicosatrienoic acid, arachidonic acid, and y-linolenic acid. Three characteristic
fatty acids were screened by VIP > 1.5, which were decanoic acid, arachidonic acid, and DHA,
and the contents of decanoic acid and DHA in cultivar 816 were the highest, which were 54.63
and 120.79 ng-g”!, respectively. Guire 1 had the highest content of arachidonic acid (148.76 ng-g"
. [ Conclusion] A total of 41 fatty acids were detected in all seven macadamia varieties in
Yunnan, with Guang 11 having the highest content of fatty acids, followed by HAES660. Guang
11 had the highest contents of hexadecanoic acid, palmitoleic acid, oleic acid, cis-vaccenic acid,
and linoleic acid; HAES660 exhibited the highest content of octadecanoic acid and a-linolenic
acid; 816 had the highest content of decanoic acid and DHA; and Guire 1 displayed the highest
content of arachidonic acid and EPA.
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Table 1 List of fatty acid parameters

NO. Component name ﬁfreviaﬁon 23 hﬁijﬁfmme o h KT/min br e
1 Caprylic acid cs: 0 A 143.0 143.0 3.50 -40 -10
2 Decanoic acid C10: 0 2475 171.1 171.1 4.17 -85 -10
3 Hendecanoic acid Cll: 0 +— kR 185.1 185.1 4.61 =75 -10
4 Dodecanoic acid Cl2: 0 + g 199.1 199.1 5.11 -90 -12
5 Tridecanoic acid Cli3: 0 =g 213.1 213.1 5.65 -85 -12
6 Tetradecanoic acid Cl4: 0 + DU kR A AR 2271 2271 6.23 -70 -16
7 Myristoleic acid Cl4: 1 FIURBHERE (-9 /SR 225.1 225.1 532 -85 -13
8 Mpyristelaidic acid Cl4: 1T T PUBRIEER (J2-9) /RN T e BR 2252 2252 5.47 -90 -13

Pentadecanoic acid C15: 0 +HkER 2411 241.1 6.82 -85 -10
10 cis-10-Pentadecenoic acid C15: 1 + TR (R-10) 239.0 239.0 5.84 -80 -14
11 trans-10-Pentadecenoic acid Cl5: 1T +HBRER (JR-10) 239.1 239.1 6.00 -90 -13
12 Hexadecanoic acid C16: 0 VR AR 255.1 255.1 7.40 -90 -15

13 Palmitoleic acid Cl16: 1 FANHHEEE (5-9) /AR 2532 2532 6.39 -85 -16
14 Palmitelaidic acid C16: 1T AR (J-9) /IR 253.1 253.1 6.55 -85 -13
15 Heptadecanoic acid Cl17: 0 B S Il 269.1 269.1 7.96 -85 -14
16 cis-10-Heptadecenoic acid C17: 1 +-LmER JR-10) 267.1 267.1 6.94 -80 -15
17 trans-10-Heptadecenoic acid Cl17: 1T R (%-10) 267.2 267.2 7.12 -90 -18
18 Octadecanoic acid Cli8: 0 -+ )\ e R/l I R 283.1 283.1 8.49 -85 -16
19 Petroselinic acid C18: 1(n-12) +/\BGE i-6) /75T IR 281.1 263.1 7.66 -90 -25
20 Oleic acid C18: 1(n-9) + )\BHEE (-9 /g 281.2 281.2 7.51 -85 -15
21 cis-Vaccenic acid C18: 1(n-7) + J\BRWEEE O-11) /7R 281.1 281.1 7.51 -80 -15
22 Petroselaidic acid Cl18: 1(n-12)T + )\ R (J2-6) /I TEER 281.2 281.2 7.83 -80 -15
23 Elaidic acid Cl8: 19T  T/\BREE (R-9) /R 2811 8L 767 -80 -1s
24 trans-Vaccenic acid C18: 1(n-7)T + )\ (R-11) /RSB 281.1 281.1 7.67 -80 -15
25 Linoleic acid CI8: 2(n-6) + )\ =R JiR9,12) /T ihiE 279.1 279.1 6.66 -85 -15
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54 Eicosanoic acid-d39 C20H1002 1eEMR-d39 350.5 350.5

55 Lignoceric acid-d4 Ca4Hu30, ARIETR-d4 371.3 371.3

9.26
10.84

-80

=17

TE: QUARHE T, Q3ANTH T, RT NRENS(E, DPALMBKHEIL, CE MR,

Note: Q1 is the parent ion, Q3 is the daughter ion, RT is the retention time, DP is the declustering voltage, and CE is the collision voltage.
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Table 2 Chromatographic gradient elution table

B 1] /min A% B/%
0.0 70 30
1.0 70 30
2.0 35 65
11.0 0 100
13.5 0 100
14.0 70 30
15.0 70 30
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Table 3 Variation of SFA, MUFA and PUFA in kernels of seven macadamia cultivars in

Yunnan
Ei=2) SFA/ (ng-gh) MUFA/ (ng-g") PUFA/ (ng-g')
Index
e KAH Max. 102 759.74 343 559.73 53 692.72
5/MH Min. 43726.20 53 590.74 8 733.66
F-¥11H Mean 62 937.38 132 450.16 19259.42
FrifE 2 SD 24 772.80 98 949.80 15 842.38
B ZECVI% 39.36 74.71 82.26

OAl6 O816 M) 11 Guang 11 FIHAES344 B HAES660 EH 15 Guire 1 B &7 15 Changning 1
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SFA

ST E AR — R R R R 2 . B IR EERRE IANENEERN SEH, ARNEFRE
TR AR E R R EZ R (p<0.05) . FF.
Analyze the differences between different varieties of the same fatty acid type. The error bars in the figure
represent the SE values of the three biological replicates, different small letters indicate significant differences in
the same fatty acid type in different varieties (p<<0.05). The same below.

B 1 =7 MEMNBREIRICFE SFA. MUFA. PUFA 2 &5
Fig. 1 Analysis of SFA, MUFA and PUFA in the kernels of seven macadamia cultivars in
Yunnan
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N

11 .3 & HAES660, HAES660 &3 =T 740 5 MR, A16 fil 816 .3 & A 15,



KA R & B VG H N 10 360.40~125 929.28 ng g, | 11 &3 & T HAES660, HAES660 fi:
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NEWI®R, T~ 11 1 HAES660 H & & &, 77l 1619.06 #11777.21 ng-g!, —HBEET
HARMM . 5 NRGERE G Z AR EA A& (EPA) M=+
BNIERE (DHA) , 7 ANEMEER 1 S0 EPA &85, HIE HAES344, —H 58
Wy 6.26 F14.77 ng'g'; DHA & & m it A 816, HIKZ HAES660, —& & & 737N
120.79 A1 109.29 ng-g',
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Table 4 Analysis of fatty acid type and content of kernels in seven macadamia nut cultivars in Yunnan

(ng'gh)
L7l I 15 BT 19
Al6 816 HAES344 HAES660

Compounds Guang 11 Guire 1 Changning 1
A 10.28+0.00 d 54.63+3.98 a 47.38+4.91 a 33.69+0.55 b 23.95+0.08 ¢ 10.28+0.00 d 10.28+0.00 d
Decanoic acid
+ kR 1212.61+£230.25 ab 1 247.38+240.69 1153.31+116.01 ab  786.32+5.17 b 1581.82+152.98 a 968.85+32.53 b 1233.06+231.87 ab
Dodecanoic acid ab
T =5 27.17£0.78 b 14.56+4.45 ¢ 10.11£0.00 ¢ 27.61£0.43 b 35.99+4.98 a 10.11£0.00 ¢ 24.54+1.77b
Tridecanoic acid
RIEEA 1 446.07+0.56 cd 1232.82+3.47d 5737.43+328.52 a 1923.64+4.93 ¢ 3 685.93+235.53 b 1742+310.81 cd 1403.12+151.55 cd
Tetradecanoic acid
N R R 55.4+0.15 be 35.56+12.03 cd 299.05+13.75 a 36.83+1.00 cd 60.11+2.28 b 33.3+1.47 cd 28.93+3.59 d
Mpyristoleic acid
AN R 74.34+4.44 b 32.02+7.84 cd 10.12+0.00 e 44.06+£3.16 ¢ 91.62+3.39a 30.35+3.15d 32.61+2.45 cd
Mpyristelaidic acid
+ R 126.99+0.33 d 74.78+11.81 ¢ 204.40+1.62 b 117.88+4.77 d 246.81+23.33 a 163.14+13.98 ¢ 95.17+0.85 de

Pentadecanoic acid

T FRRIERR (IR-10)

cis-10-Pentadecenoic acid

T IR (2-10)
trans-10-Pentadecenoic acid
el

Hexadecanoic acid

T R

Palmitoleic acid

SRR R

Palmitelaidic acid
bk
Heptadecanoic acid
LB JR-10)
cis-10-Heptadecenoic acid
TEmEgR Ox-100

trans-10-Heptadecenoic acid

19.42+0.57 ¢

60.51+1.19 b

28 649.99+1 202.04 ¢

16 658.62+1 481.64 cd

789.18+60.32 ¢

115.77+6.87 b

298.11£36.85 cd

44.26£1.99 ¢

12.18+1.21 ¢

13.73£3.08 ¢

27 109.59+2

11236 ¢
19 724.58+2

706.95 cd

188.2744.92 ¢

87.16+4.30 b

217.94+17.62 cd

32.04+5.37d

39.87+0.61 a

48.92+6.48 b

56 261.30+1 513.06

a

125 929.28+13

927.05a

1325.16+103.28 b

233.76+36.40 a

1117.63+141.81 a

47.16£5.65 ¢

18.5142.07 cd

21.58+1.54 ¢

26 342.82+2

096.07 cd
30 106.15+4

386.87 be

546.62+49.78 d

108.79+£5.73 b

409.89+54.87 be

41.08+3.78 cd

28.76£3.61 b

88.96+11.66 a

42 381.88+1461.14b

46 840.31+2 946.43 b

1689.51£66.51 a

241.18+15.43 a

551.47+£78.91 b

91.12+1.94 a

13.45+1.81 de

29.72+£5.47 ¢

20218.83+12.51d

10 360.40+1 43791 d

494.64+50.91 d

118.52+£11.94 b

152.47+6.32 d

60.03+0.91 b

11.674£0.84 ¢

29.64+2.65 ¢

26 283.79+3 567.40 cd

12 089.93+2 075.25 cd

533.77+15.15d

104.29£10.02 b

237.0344.95 cd

31.9742.33d




TR
Octadecanoic acid
TR

Oleic acid

SR
cis-Vaccenic acid
SR

Elaidic acid

S5 HR
trans-Vaccenic acid
TR

Linoleic acid

SR

Linoelaidic acid

TR (=-10)

trans-10-Nonadecenoic acid

AR

Arachidic acid
7-TEJFR IR
Gamma-Linolenic acid
ZApEER JiR-10D
cis-11-Eicosenoic acid
ZAmEER Ox-11)
trans-11-Eicosenoic acid
a-ERR IR
alpha-Linolenic acid
“fiR

Heneicosanoic acid

TR R-11,14)

cis-11,14-Eicosadienoic acid

L ATER
Docosanoic acid
Erucic acid

TABREEER OF-11,14,17)

cis-11,14,17-Eicosatrienoic acid

16 245.25+883.10 cd

32970.85+2 731.74 ¢

32 354.1742 166.02 ¢

1011.46+59.43 be

974.06+42.14 b

10 890.61+86.01 ¢

478.78+83.43 cd

47.7743.05 ¢

2415.81£74.81b

391.39+82.70 ab

2 003.56+93.75 b

114.14+0.94 ¢

290.38+40.64 ¢

57.06+2.66 ¢

50.22+6.29 ¢

629.20+42.28 b

845.88+61.77b

7.44+1.42b

16 959.95+1
480.27 cd

27 306.95+2
738.70 cd

30203.13+122.71
c

881.41+45.36 ¢

711.31£2.12b

9 460.26+652.48

C

298.49+35.09 d

32.73+0.75 ¢

1 944.76+221.83

b

149.23+12.22 ¢

1 227.59+106.48

b

76.79+£5.45 ¢

198.92425.33 ¢

116.29+1.09 b

42.79+£2.56 ¢

466.76+79.37 b

495.94+112.81 b

5.85+£0.93 b

23 326.91+2 494.68
b

96 976.32+1 835.90
a

95 181.99+2 435.18
a

1 825.09+266.74 a

1879.45+128.38 a

51 326.26+5 139.99

a

33.67+0.00 e

198.35£2.93 a

7332.18+516.37 a

253.19+6.54 be

12 862.89+1 992.54

a

368.49+42.72 a

1619.06+9.40 a

453.04+19.47 a

225.03+41.42 a

2 006.94+375.86 a

5079.06+819.56 a

19.14+£5.40 b

13
438.66+698.57 d

33 530.17+1
167.68 ¢

39
342.41+4729.23
c

1 417.01£205.27
ab

1 473.51£200.32
a

9 934.49+741.87
c

1 097.43£123.64
a

47.08+6.72 ¢

1 808.49+175.52

b

220.16+9.09 ¢

1 859.97+9.65 b

221.20+£21.00 b

356.34+22.94 ¢

51.67+0.59 cd

43.5842.94 ¢

507.27+£54.31 b

1246.114£53.36 b

13.81+2.81 b

42 448.98+2 31294 a

52 791.16+1 737.71 b

52 310.95+2 691.02 b

1628.47+131.25 a

1558.48+226.63 a

19 096.30+792.64 b

849.38+142.10 b

100.21£12.03 b

2743.79+£310.25 b

452.55449.99 a

2775.13+£282.60 b

201.02+35.36 b

1777.21+£150.12 a

46.44+3.88 cd

109.21£18.73 b

656.97+40.76 b

1401.54+110.12 b

54.97+7.61 a

17 199.34+1 137.14
cd

18 969.29+5 761.27 d

18 741.46+5 771.69 d

1078.74+184.05 be

1021.30+168.20 b

7435.72+1 590.47 ¢

50.51£9.72 ¢

43.53+18.90 ¢

2356.44+691.80 b

213.45+28.58 ¢

1915.19+602.54 b

100.22+20.59 ¢

651.58+172.84 b

26.46+6.96 d

27.05+0.44 ¢

524.13£2.71 b

460.11+60.07 b

41.36+£6.82 a

20 725.03+1 631.45 be

35 142.04+1 344.22 ¢

34 545.18+1 579.80 ¢

1069.14+2.81 be

1 006.50+38.08 b

13 550.38+341.44 be

628.73£37.20 be

29.614£0.10 ¢

1566.27+£328.74 b

285.91+65.80 be

1380.474£82.31 b

115.45+5.45¢

406.37+7.35 be

26.37+£3.46 d

48.68+2.16 ¢

503.20+58.62 b

1006.89+120.31 b

14.94+£2.79 b




e VIR
Arachidonic acid
B S

Tricosanoic acid

T TR EER (B-13,16)

cis-13,16-Docosadienoic acid

Wk TG TR/EPA

cis-5,8,11,14,17-Eicosapentaenoic acid

ARIETE

Tetracosanoic acid

MZ R
Nervonic acid

o TBRNIEER/DHA

cis-4,7,10,13,16,19-Docosahexaenoic acid

RCH IR

Petroselaidic acid

67.63+0.22 be

75.27£9.47 b

47.98+6.43 cd

1.75£0.59 b

501.48+45.07 b

16.39+1.87 be

26.36+5.31 ¢

91.4749.07 bed

55.47+1.66 ¢

78.90+8.52 b

15.93+5.78 d

1.16+0.00 b

437.71+36.88 b

10.46+0.13 cd

120.79+10.72 a

67.75+0.85d

70.70+4.63 be

986.84+255.65 a

139.72423.38 a

1.70+0.54 b

5006.14+547.42 a

258.84+8.34 a

4.23£0.00 ¢

112.04+12.89 abc

78.96+1.54 b

79.64+1.16 b

138.03+16.42 a

4.77+1.37 a

387.21+£6.08 b

15.03+0.47 cd

99.66+9.94 ab

134.70+8.13 a

61.87+6.41 be

113.87+13.30 b

116.82+22.81 ab

1.55£0.39 b

555.05+£60.33 b

27.38+1.54 b

109.29+16.01 ab

125.95+13.85 a

148.76+8.26 a

50.73£7.63 b

69.07+13.96 be

6.26+1.82 a

337.37£14.83 b

4.04+0.00 d

89.91+19.62 ab

82.50+6.52 cd

60.17+10.11 be

72.57£8.40 b

102.35+6.43 ab

1.16+0.00 b

313.52+16.61 b

19.95+4.41 be

73.07+0.97 b

115.83+10.83 ab

E: FATARNS FREFEREZEER (p<0.05) .

Note: Different small letters in peers indicate significant differences (p<<0.05).
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Fig. 2 PCA and PLS-DA analysis of fatty acid content in seven macadamia nut cultivars in

Yunnan
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Table 5 PLS-DA analysis of fatty acids in the kernel of seven macadamia cultivars from

Yunnan Province

YR w5 TR IR w5 R
Compounds ID vIP Compounds ID vIP
4R Decanoic acid M1 1.89 XA TR Petroselaidic acid M9 1.30
“F ZERNHEEE (DHAD M2 1.62 T2 Octadecanoic acid M10 1.27
16E VYRR Arachidonic acid M3 1.54 -1V Bk B2 Gamma-Linolenic acid Mi1 1.18
JR 3 5 S M R Myristelaidic acid M4 1.45 e (&'IO)a :i’(‘l‘”s'lo‘Heptad“e“"m M12 1.16
— TR (EPA) M5 143 + TLWE R (fi—lO)acti;;ms—IO—Pentadecenmc MI3 114
SR Linoelaidic acid M6 1.37 + = JtH Tridecanoic acid MI14 1.14
TR ER (- o i ic aci
,+ I (.”L 1.3’16.) M7 1.33 ~+ ¥R Dodecanoic acid M15 1.11
cis-13,16-Docosadienoic acid
TR = - s L.
TSGR (-11,14,17) M8 1.31 +H iR Pentadecanoic acid M16 1.07

cis-11,14,17-Eicosatrienoic acid

PL VIP KT 1.5 fE NGRS HEIL TR IE R 3 MRFEAEIER (B 3) , 5 A% . DHA.
RN 54.63 F1 47.38

A NG . A 816 2R & &
ng-g!, 816 FIJ7 11 MR & &

HAES660 &3 &1 Al6. HE

#1

TN

i1

=H

7
%:%i

=1

nE 5

o FRGEST 1,

T HAES344, HAES344 i % = T HAES660,
1 5. DHA & &2 816, A 120.79
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180
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Fig. 3 Analysis of decanoic acid, DHA and arachidonic acid concentrations in the kernel of 7

macadamia cultivars from Yunnan
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