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Abstract: This study aimed to identify optimal drying conditions for shelled Macadamia nuts and to investigate the mecha-
nisms underlying the formation of volatile compounds during the drying process, thereby offering a theoretical framework
for quality control in the initial processing of Macadamia nuts. The study utilized six primary varieties of Australian
Macadamia nuts cultivated in Guangxi—namely 'Gui Re 1' (designated as 1HAO), 695, OC, H2, A38, and Al16—as experi-
mental subjects. Gas chromatography-ion mobility spectrometry (GC-IMS) was employed to detect and analyze the volatile
organic compounds present in Macadamia nuts subjected to drying at 40 °C for one week, 50 “C for 96 hours, and 60 °C for
48 hours. The volatile components generated during the drying process were examined through the integration of chemical
pattern recognition, sensory evaluation, and relative odor activity value (ROAV) analysis, with the aim of elucidat-
ing the differences in volatile components among the various nut varieties. The analysis identified a total of 32 volatile com-
pounds across the three drying treatments, comprising 11 alcohols, 7 aldehydes, 5 ketones, 1 acid, 6 esters, and 2 additional
substances. Notably, the concentrations of alcohols and ketones were higher, whereas the aldehydes were present in lower
concentrations. The analysis of variance revealed statistically significant differences (P<0.05) in ester concentrations across
the three treatments. However, the extent of differences in other categories varied among the treatments. Drawing on the
characteristics of volatile components and existing literature, it was hypothesized that the volatile substances produced dur-
ing the drying process primarily originated from lipid oxidation and enzymatic reactions. The principal flavor compound,
2,3-butanedione, known for its creamy aroma, exhibited significant differences between the 40 °C treatment group and the
50 °C and 60 °C treatment groups. However, no significant difference was observed between the 50 °C and 60 °C treatment
groups. Sensory evaluation and energy consumption analysis indicated that the 50 °C treatment most effectively enhanced
the texture, aroma, and overall acceptability of the nuts, without introducing significant adverse flavors. Consequently,
when considering both quality and energy consumption factors, the optimal drying process for shelled Macadamia nuts was
identified as 96 hours at 50 °C. Utilizing the GC-IMS data under this condition, combined with chemical pattern recogni-
tion and ROAYV analysis, eight distinctive volatile components were identified. Among these, isobutanol, isoamyl alcohol,
and acetic acid emerged as the principal compounds that significantly influenced the overall flavor profile. Through the ap-
plication of OPLS-DA, in conjunction with clustering heatmaps and analysis of variance, it has been demonstrated that
acetic acid was a distinctive component of A38. Similarly, 2,5-dimethylfuran was identified as a shared characteristic com-
ponent of both IHAO and OC. The compounds ethyl acetate, isobutanol, and propanol were distinctive to H2, while
isoamyl alcohol was specific to 695, ethanol to A16, and isopropanol to OC. The generation of volatile compounds during
the drying process of various Macadamia nut varieties may be influenced by distinct metabolic pathways, which were in
turn affected by variations in the internal content of substances such as sugars and amino acids. Nonetheless, the precise
relationship between volatile components and intrinsic substances necessitated further investigation at the level of metabol-
ic pathways.
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Two-dimensional GC-IMS spectra of volatile components of Macadamia nuts under different drying treatment
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Fig.2 Changes in the categorized content of volatile compo-
nents of Macadamia nuts under different drying treatment
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Table 2 Differential analysis of volatile components in various varieties of Macadamia nuts treated at 50 °C

o FERNERY CAst Ei (qem 1Rt TR X Fr i (%)
TR UMK ’ T (s)  fl(ms) oc 1HAO 695 Al6 A38 H2

701 S 1-Butanol,3-methyl 123-51-3  88.1 12232 539342 124371 8.36£0.14° 6.86£0.31' 12.64+0.66" 5.73+0.18° 8.46£0.46° 9.78+0.46"
702 ETEE 1-butanol 71-36-3 741 1157.9 444806  1.18037  1.04£0.11° 1.02+0.06™ 1.21£0.06° 0.90+£0.01° 0.84:£0.07° 1.06£0.07°
203 RTE l'Pr;’l’::yoll’z' 78-83-1 741 11087 385475  1.16979 5.03£021° 6.16£0.17° 5.46£0.09° 7.34:0.10° 6.080.19° 9.05£0.03"
704 TR 2-butanol 78-92-2 741 10393  328.281 1.32053  2.68+0.17° 3.38+0.12° 2.46+0.04 2.61+0.10™ 2.50+0.08™* 2.35+0.10°
705 P 1-Propanol 71-23-8  60.1 10559 340456  1.11155  1.88+0.05° 1.57+0.03° 1.82+0.02° 2.36£0.16° 1.73£0.05° 4.88+0.38"
706 3-F3E-3- T 4i- 11 sz/::;h?j 763-32-6 861  1267.6 615936 1.16796  0.32+£0.02° 0.28+0.03° 0.43£0.06° 0.30£0.06° 0.33+0.10° 0.24+0.02°
707 IE R 1-Pentanol 71-41-0  88.1 12702  620.806 125487  0.23£0.03° 0.32+0.06™ 0.35£0.03" 0.26+0.03% 0.28+0.05"¢ 0.26=0.03%
708 2- 1 2-Pentanol 6032-29-7 88.1 11344 415365 1.20642  0.19+0.03" 0.18+0.03" 0.14+0.01° 0.17£0.01 0.16+0.01° 0.17+0.01"
709 SRR 2-Propanol 67-63-0  60.1 935 271.593  1.08936  6.18+0.10° 5.6+0.06° 4.78+0.20° 4.57+0.16° 5.10£0.21° 3.56+0.04°
710 IEC 1-hexanol 111-27-3 1022 1374 808.651  1.32708  0.38£0.02% 0.45+0.05° 0.38+0.03" 0.39+0.03° 0.35+0.03% 0.32+0.02°
Z11 LI Ethanol 64-17-5  46.1 938.9 273.25 1.04316  20.07+0.21% 19.82::0.42% 18.85£0.14° 20.91+0.52" 19.18+0.70™ 16.89+0.82¢
Z12 PR Heptaldehyde 111-71-7 1142 12004  503.808 1.33027  0.42+0.04° 0.43+0.06° 0.40+0.03" 0.40£0.01° 0.51+0.03* 0.36+0.07"°
713 L 1-hexanal 66-25-1 1002 11048  381.036  1.25852  0.40£0.04™ 0.46+0.06™ 0.37£0.04° 0.39+0.04% 0.50£0.05" 0.43+0.04%
714 B I-octanal 124-13-0 1282 13084 690475 140182 1.06£0.09° 1.17£0.02° 0.94£0.03° 1.02£0.09™ 0.99+0.04™ 0.76+0.04°
Z15 TR n-Pentanal 110-62-3 861 10047 304256  1.17789  0.45£0.03° 0.45£0.05" 0.35+0.02° 0.40£0.06™ 0.55+0.04* 0.39+0.06™
z16  2-WETE 2-Methylbutanal ~ 96-17-3  86.1 863.1 242967  1.15945  0.65£0.04* 1.14£0.07° 0.61£0.06° 1.00£0.06° 0.81+0.03° 0.89+0.10"
z17 THE Butanal 123-72-8  72.1 8573  240.814  1.09008 5.33£0.47° 5.37+0.04° 4.84+0.15° 6.24+0.21* 5.76+0.17° 4.02+0.17
718 S 3-Methyl butanal ~ 590-86-3  86.1 908 260468  1.20554  0.18+0.03° 0.17+0.02° 0.18£0.02° 0.19£0.02° 0.17£0.04° 0.24+0.03*
Z19 BRI Cyclopentanone ~ 120-92-3  84.1 11425 425344 110847 3.29+0.18" 2.93+0.10° 2.1840.14° 1.34+£0.08' 2.36£0.11° 1.1840.03¢
720 1-80-3-fH 1-Penten-3-one  1629-58-9  84.1  1030.7  322.125 1.08747  0.68£0.06™ 0.68+0.02% 0.63+0.05¢ 0.76£0.02° 0.54+0.02¢ 0.92+0.13"
721 2- 3 2-Pentanone 107-87-9  86.1  1030.6  322.051  1.11272  0.37+0.01* 0.33+0.03® 0.30£0.02° 0.37+0.03* 0.20£0.02° 0.17+0.02°
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722 2,3- T 2,3-Butanedione  431-03-8  86.1 965.3 284.669  1.04371 14.58£0.40™ 14.67+0.50" 13.77£0.90™ 15.07+0.23* 13.49+£0.30° 15.14+0.41°
723 2-T'Hd 2-Butanone 78-93-3  72.1 921.5 265.993 1.05817  0.61£0.05° 0.82+0.04* 0.68+0.02* 0.87+0.02° 0.72+0.04* 0.62+0.06°
724 2 Acetic acid 64-19-7  60.1 14821 1048791  1.15177 0.12£0.11¢ 0.83£0.01% 4.53£0.70® 4.30+1.51" 6.60+2.15° 3.04+1.48"
o Acetic acid ethyl
25 LR celcatm YL 141786 880 902.5 258281 134397  1.78£0.04° 227+0.06° 1.90£0.06° 2.59:0.08° 1.74£0.03° 6.53+0.44°
ester
726 2R Propyl acetate  109-60-4  102.1 9434  275.173  1.17033  5.56£0.25' 5.63£0.12° 5.08+0.13° 5.41+0.13° 4.69+0.24° 4.87+0.18*
| . 2-methyl-1-propyl
727 ZERSTHE me prmpy 1104190 1162 10348 325057 123494  0.24£0.04 025:0.08° 0.21£0.03° 023:0.01° 0.20£0.06° 0.22:0.07°
acetate
728 R TE methyl acetate ~ 79-20-9 741 865.6 243933  1.03509 1.77+0.20™ 2.19+0.02° 1.62+0.05 1.74+0.04™ 1.87+0.18 1.87+0.11°
. ’ (Z)-3-hexenyl
729 LERM TG ot YU 3681718 1422 13179 706485 1.04505 1.0240.06® 1.06:0.07° 0.92£0.04% 1.01£0.03" 1.02:0.05% 0.910.06°
acetate
. . (E)-Ethyl-2- ]
730 R -2-CIRFR 2.1 N . 27829-72-7 1422 13341 734465 132072  0.33£0.05° 0.33£0.05° 0.31£0.01° 0.31£0.03" 0.32+£0.04* 0.23+0.03"
exenoate
731 2,5-ZFEOKI 25 Dimethylfuran  625-86-5  96.1 9147  263.192  1.02483  9.01£0.32% 8.89+0.31° 7.20£0.13° 7.59£0.21° 8.28+0.17° 4.47+0.17%
732 SANTIR alpha-terpinolene ~ 586-62-9 1362 1292.1  662.868 121822  1.52+0.40" 0.42+0.08° 0.46+0.01° 0.48+0.05° 0.51+0.04* 0.51+0.03"
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Table 3 ROAYV of volatile fractions of individual varieties of Macadamia nuts treated at 50 C

AR 2,5- IR IE (Z231) . VR BoR

- RS, B ROAV

- C TR S &A (mg/L)!*" oc 1HAO 695 Al6 A38 H2
701 ST 1-Butanol,3-methyl 0.160 1.61240.017 1.315+0.015 2.583+0.034 1.069+0.017 1.763+£0.058 1.816+0.036
702 IE T 1-butanol 48.000  0.0007:0.000 0.0006+0.000 0.0008::0.000 0.0006::0.000 0.0005:0.000 0.0007:£0.000
703 5T 1-Propanol, 2-methyl 0.036 4311£0.062 5.249+0.034 4.967+0.243 6.088£0.010 5.633£0.051 7.475%0.177
704 il 2- butanol 14.400 0.006+0.000 0.007+0.000 0.005+0.000 0.005+0.000 0.006+0.000 0.005:£0.000
705 ]2 1-Propanol 0.800 0.072+0.000 0.060+0.000 0.074+0.004 0.088+0.005 0.072+0.000 0.181:£0.009
706  3-M3E-3-TH-1-B%  3-Methyl-3-buten-1-ol ND ND ND ND ND ND ND
707 IE SR 1-Pentanol 30.000 0.000£0.000 0.0003:£0.000 0.0003::0.000 0.0003:0.000 0.0003£0.000 0.0003=0.000
708 2- 1w 2-Pentanol 1.000 0.006+0.000 0.005+0.000 0.004+0.000 0.005+0.000 0.0050.000 0.005:0.000
709 S 2-Propanol 2.500 0.076+0.000 0.068+0.002 0.062+0.001 0.054+0.001 0.068+0.001 0.042:£0.000
Z10 O 1 -hexanol 0.740 0.016+0.000 0.018+0.001 0.017+0.000 0.016+0.000 0.016+0.001 0.013:0.000
711 . Ethanol 7.800 0.079+0.001 0.078+0.001 0.079+0.004 0.080+0.000 0.082:£0.001 0.064:£0.001
712 PR Heptaldehyde 0.150 0.086+0.006 0.088+0.009 0.087+0.000 0.079+0.000 0.113+0.004 0.071:£0.012
713 (R 1-hexanal 0.160 0.077+0.005 0.088+0.008 0.075+0.003 0.0730.006 0.104+0.008 0.079:£0.005
714 i 1-octanal 0.170 0.192+0.011 0.211+0.003 0.181£0.006 0.179+0.013 0.194£0.003 0.133:£0.003
Z15 T n-Pentanal 0.100 0.139+0.005 0.138+0.011 0.114+0.000 0.119+0.016 0.183+0.009 0.116+0.014
716 2-HIL T 2-Methylbutanal 0.100 0.200+0.007 0.349+0.009 0.199+0.006 0.298+0.013 0.270+0.004 0.264:0.022
z17 T Butanal 0.027 6.086+0.370 6.104+0.162 5.867+0.202 6.899+0.127 7.116+0.052 4.424+0.067
718 I 3-Methyl butanal 0.0016 3.463+0.483 3.253+0.273 3.669+0.169 3.543+0.319 3.533+0.756 4.451+0.437
719 AR Cyclopentanone 35.000 0.003+0.000 0.002+0.000 0.002+0.000 0.001:£0.000 0.002:£0.000 0.001:£0.000
720 1-13¢4%5-3 -1 1-Penten-3-one ND ND ND ND ND ND ND
721 2-J% i 2-Pentanone 12.000 0.001£0.000 0.0008::0.000 0.0008::0.000 0.0009::0.000 0.0005:0.000 0.0004=0.000
722 2,3-T 2,3 Butanedione 0.0045 10042743 100£3.408  100+6.536  100+1.526  100+2.224  100+2.708
723 2-THR 2-Butanone ND ND ND ND ND ND ND
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Hk3
- RS, B ROAV
e AR (mg/L)! 1HAO 695 Al6 A38 H2
724 iR Acetic acid 0.025 0.146+0.132  1.018+0.022 5.898+0.530 5.118+1.725 8.767+2.674 3.584+1.663
725 LRI Acetic acid ethyl ester ~ 0.600 0.09240.000 0.116£0.000 0.104+0.003 0.129+0.002 0.097+0.000 0.323+0.013
726 IR Propyl acetate 0.350 0.490+0.008 0.493+0.006 0.475+0.018 0.462+0.004 0.447+0.013 0.4130.004
o 2-methyl-1-propyl
727 RS TG metazetat:mpy 2.400 0.003+0.000 0.003+0.000 0.003+0.000 0.002+0.000 0.003+0.000 0.0030.000
728 ZIR i methyl acetate 0.700 0.078+£0.007 0.096+0.002 0.076+0.003 0.074+0.000 0.089+0.006 0.079:0.002
729 LR B (Z)-3-hexenyl acetate 0.020 1.573£0.049 1.62440.052 1.505+0.033 1.508+0.022 1.701+0.045 1.351+0.052

730 A -2-CHFRZHE  (E)-Ethyl-2-hexenoate 0.200
731 2,5- ki 100.000
732 SRR alpha-terpinolene 1.500

2,5-Dimethylfuran

0.051£0.006 0.050+0.006 0.051+0.002 0.046+0.004 0.053+0.005 0.034+0.003
0.003+0.000 0.003+0.000 0.002+0.000 0.002+0.000 0.003+0.000 0.001+0.000
0.031£0.007 0.008+0.001 0.010+£0.000 0.009+0.000 0.011£0.000 0.010+0.000
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Fig.12  Cluster heatmap based on 8 key differential volatile
components in different varieties of Macadamia nuts
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