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Comparative Study on Fruit Volatiles of Different Day-Neutral
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Abstract: [Objective] Fruit volatiles of day-neutral strawberries harvested in autumn and winter were compared to clarify the
effects of seasonal changes on volatile composition and odor activity value (OAV) of volatiles, aiming to provide theoretical basis for
research on strawberry aroma and utilization of day-neutral cultivars. [Method] Matured fruits of day-neutral cultivars (including
Albion, Monterey, Portola, and San Andreas) were harvested from high-tunnel in autumn and greenhouse in winter, respectively.
Volatiles were extracted by using solid-phase microextraction (SPME), detected by gas chromatograph-mass spectrometer (GC-MS)

and analyzed qualitatively and quantitatively. The numbers, contents, percentages and OAVs of volatiles were calculated. Principal
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component analysis (PCA) was employed to analyze the differences in volatiles content between autumn and winter strawberries.
Clustered heatmap was used to classify the samples depending on the volatiles with OVA higher than 1. [Result] A total of 88
individual volatiles were identified and the OAVs of 57 volatiles were calculated. It was found that there were 30 components with
OAV higher than 1. Effects of seasonal changes on the number of each chemical category and the total content of volatiles varied
among cultivars. Compared to the autumn fruits, the content and percentage of esters in winter fruits were significantly higher,
while terpenes were remarkably lower. The result of PCA indicated that, compared with other cultivars, volatiles pattern of Portola
showed less variation, whereas San Andreas showed the highest variation between two seasons. Ethyl butanoate was very important
for these tested cultivars since its average OAV was the highest in all volatiles. The OAVs of butyl acetate and methyl butanoate in
winter fruits were noticeably higher than that in autumn fruits. However, compared with autumn fruits, the winter fruits of each
cultivar had a lower sum of terpene OAVs that were higher than 1. Ethyl butanoate, butyl butanoate, 4-methoxy-2, 5-dimethyl-
3(2H)-furanone, ethyl hexanoate and linalool played an important role in the aroma differences between fruits of different seasons.
The eight tested samples were classified into 3 groups using clustered heatmap. The group I included Albion_autumn, Albion_winter
and Monterey_autumn, of which total OAVs and the OAVs of ethyl butanoate were significantly higher than other groups.

[ Conclusion] Seasonal change had a remarkable impact on esters and terpenes in fruit volatiles of day-neutral strawberry cultivars.
It was showed that the content and percentage of esters in winter fruits were significantly higher than autumn fruits, while the
percentage of terpenes was remarkably lower in winter fruits. Among the 4 tested cultivars, Portola showed the least variation in
volatile content between autumn and winter. Albion was the cultivar with intense aroma and its aroma performance presented the
least changes when season changed, however, San Andreas was the one with the largest volatile variation both in volatile content and
fruit aroma.

Key words: Fragaria * ananassa; day-neutral cultivars; fruit volatiles composition; odor activity value; esters; terpenes
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Table 1 Volatiles detected in day-neutral strawberries with the odor threshold and description

5 FER MY il UES] e = Nl AR Ui
No. Volatiles Content range detected (mg'kg") Odor threshold Odor description
K2 Autumn  &ZF Winter (mg'kg")
525 Esters
1 2,1 F i Methyl acetate 0.000-0.191 0.000-0.206 Bk, SERE Fruity, bitter
2 Z,1% T 1 Butyl acetate 0.000-0.391 0.000-0.485  0.066%"2% ik, FHAL, 2> Fruity, banana, pineapple
3 Z.2-2-T KT i 2-Methylbutyl acetate  0.000-0.038  0.004-0.097  0.011%7 Tuk, A, EHPSweet, banana, apple
4 ZR-3-HHE T Hg 0.008-0.020  0.000-0.015  0.038% PilE, A, Rk, FeklT
3-Methylbutyl acetate Fresh, banana, fruity, sweet
5 LFR-3-F -2 T 0 0.000-0.032 0.000-0.035
3-Methyl-2-buten-1-yl acetate
6 ZR-2- 137 2-Pentenyl acetate 0.000-0.019 0.000-0.010
7 2O 0.023-0.175  0.028-0.113  0.002% Rk, TR, FE, B, EE, @kl
Hexyl acetate Fruity, green apple, banana, pear, floral, sweet
8 4 8-2- 716 2-Hexenyl acetate 0.064-0.125  0.048-0.138  0.21™4 ok, R Fruity, green
9 IR BEE(Z)-3-Hexenyl acetate 0.000-0.024  0.000-0.027  0.016" Bk, £ Fruity, green leaves
10 LIRS 0.000-0.121  0.000-0.093  0.047>" Wk, e, WAL, AR
Octyl acetate Fruity, floral, neroli, jasmine
11 21941 Decyl acetate 0.000-0.009  0.000-0.005 W7, ¥, B Floral, orange, rose
12 Z B Wi Phenylmethyl acetate 0.004-0.042  0.005-0.044  0.3642" i, AR ERP Y Fresh, boiled vegetable
13 ZIR-2-2 2,15 2-Phenylethyl acetate 0.000-0.004 ND 0.253% Bk, 187, BB *Frity, floral, rose
14 LIR-3- 5 2- I T 0.000-0.005 ND
3-Phenyl-2-propenyl acetate
15 LR 2-Furanmethyl acetate 0.000-0.029 ND
16 R Octyl propanoate 0.000-0.003 ND e, BRI, B Pineapple, myrtle, waxy
17 TR g 0.686-1.376 1.426-3.932  0.06%" Rk, WH, B, WY, Bk, feRts
Methyl butanoate Fruity, apple, banana, pineapple, ester-like, green
18 T 2.1 Ethyl butanoate 0.000-0.563  0.000-0.850  0.0012% Rk, B, wAg, FHE, SRSt
Fruity, pineapple, strawberry, banana, sweet
19 THR-1-F 3 2 Bg 0.000-0.057  0.029-0.293 A NGB, Rk, s pRe
1-Methylethyl butanoate Pleasing, fruit, pungent
20 T T i Butyl butanoate 0.005-0.382  0.044-1.105  0.1114 ok, 3, 9% % Fruity, pear, pineapple
21 TR 2- L I 0.000-0.004  0.000-0.004 Wk, MER, WA, Wi, FHoRCY
2-Methylpropyl butanoate Fruity, apple, pineapple, rum, sweet
22 TER-1-HHET ND 0.000-0.015
1-Methylbutyl butanoate
23 TR-3- T g ND 0.000-0.007  0.00013%7 g, Hukb
3-Methylbutyl butanoate Banana, fruity
24 TR CLliE Hexyl butanoate 0.000-0.018 ND 0.252% ek, A Fruity, apricot
25 T #2-2- CUili5 2-Hexenyl butanoate 0.003-0.028 0.008-0.038
26 TS 0.000-0.334  0.084-0.425  0.25! WA, R, BT, BT, #RE
Octyl butanoate Herbaceous, green, orange, parsley, melon
27 T F&-2-2TiG 2-Octyl butanoate 0.000-0.094 ND

28 T T-T Nonyl butanoate ND 0.000-0.021
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4% 1 Continued table 1
JP PERTERSY EisallUEE] el R =Nl AR B QU7
No. Volatiles Content range detected (mg-kg") Odor threshold Odor description
M=+ Autumn  AZF Winter (mgkg™)
29 TS g 0.000-0.041  0.005-0.025 ek, WEE, E25H, Bk P
Decyl butanoate Fruity, waxy, brandy, peach, apricot
30 TR VU SRR ND 0.000-0.013 A, WE, Rk, FkCo
Tetrahydro-2-furanylmethyl butanoate Apricot, pineapple, fruity, sweet
31 2-FE P IR-1-FH 3K T 0.000-0.012 0.000-0.011
1-Methylbutyl 2-methylpropanoate
32 2-FIEE IR T8 0.000-0.009  0.000-0.008
Nonyl 2-methylpropanoate
33 3-FRHE P 1 F 0.000-0.024  0.000-0.030 ftwk, W, HHPI
Methyl 3-methylthiopropanoate Sweet, pineapple, onion
34 %% /5 Methyl pentanoate 0.000-0.014 0.000-0.016  0.021% W, G PYApple, pineapple
35 %% 24T Decyl pentanoate 0.000-0.002 ND
36 2-FFE T TR ND 0.000-0.032  0.0004™! L, YLk, Fokl
Methyl 2-methylbutanoate Green apple, fruity, sweet
37 - T T 1l 0.000-0.002  0.000-0.001  0.01727 Yk, A, 3 RCO
Butyl 2-methylbutanoate Fruity, wine, apple
38 2- I T I 0.000-0.040  0.000-0.014
Octyl 2-methylbutanoate
39 3-FPE TR 0.000-0.015  0.000-0.041  0.0044™  fimk, 3L, gayl
Methyl 3-methylbutanoate Fruity, apple, pineapple
40 3T T M 0.000-0.002 ND Fifwk, SEHLET
Butyl 3-methylbutanoate Sweet, apple
41 3-HIE T Mg 0.000-0.078  0.000-0.011 L, M, ERL, W, Rk, AP
Octyl 3-methylbutanoate Rose, honey, apple, pineapple, fruity, herbaceous
42 CL% F1 15§ Methyl hexanoate 0.146-0.227  0.119-0.460  0.087%% Heuk, 3 Fruity, pineapple
43 CR 2B 0.020-0.099  0.031-0.135  0.0003%%  JEdy, fokg, IR, vk, 6, i
Ethyl hexanoate Pineapple, strawberry, green apple, sweet, floral,
brandy
44 CUR-1-FE 2T 0.000-0.027  0.003-0.015 Ak, ik, ggaeo
1-Methylethyl hexanoate Sweet, fruity, pineapple
45 CL2 T 18 Butyl hexanoate 0.000-0.055  0.000-0.030  0.7%¢ AT, Wk, 38 %P Wine, fruity, pineapple
46 T\ CUliE Hexyl hexanoate 0.000-0.050 0.000-0.096 6414 AP Herbaceous
47 TG 0.000-0.056  0.000-0.021 W, B, Sk, HOADS
Octyl hexanoate Fresh, pea, fruity, herbaceous
48 £ F G Methyl octanoate 0.000-0.003  0.000-0.006  0.2!'¥ Tk, #7, #ESweet, orange, waxy
42 Terpenes
49 Pz 0322-1.825  0.139-1.192  0.006%%) Gk, Hiks, Fkg, g, ek, st nied
Linalool Sweet, citrus, lemon, grape, floral, coriander
50 F5 KaEE A4 Linalool oxide 0.013-0.148  0.000-0.134  0.3287 17, WA Floral, woody
51 i 0.000-0.010 ND 0.035¢ FHR, U, FeEE HFE, e, Bl
Geraniol Sweet, berry, lemon, floral, orange flower, roses
52 o-FAIEE 0.000-0.077  0.000-0.054  0.25° wE, Ha, THE, SR, BT, BR, Sk, &
a-Terpineol 031,32, 361
Floral, lily, lilac, iris, anise, piney, sweet, cake
53 W& U451 Myrtenol ND 0.000-0.102  0.007>" 17, i Flowery, mint
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4:3% 1 Continued table 1

75 PER A G0 3] 7 v K A US4
No. Volatiles Content range detected (mg-kg") Odor threshold Odor description
K2 Autumn  4ZF Winter (mgkg™)
54 D-7 4 0.014-0.055  0.011-0.028  0.015% Rk, ks, AHAE, AR5
D-Limonene Fruity, lemon, citrus, mint
55 Y Menthol 0.000-0.009 ND W, 2 Refreshing, mint
56 FEAE R 0.248-2.856  0.279-1.002  0.12" YL, KRG, B, TR, AR A
Nerolidol Apple, citrus, rose, green, woody
57 B-4x Wi p-Farnesene 0.005-0.048 0.000-0.036 MK, 55, Fitwk, B ABCitrus, green, sweet, wood
58 S -o- P THEHAR 0.000-0.007 ND WA, g, #ERY
trans-a-Bergamotene Wood, warm, tea
fii2% Ketones
59 23-T i 0.000-0.151 0.000-0.146  4.7441 Wi, R, AOEE, Ffuk, 3Bzl
2,3-Butanedione Cream, yogurt, cake, sweet, celery
60 2-J% 7 2-Pentanone 0.000-0.045  0.000-0.097  0.01*" 22 (1) Ethereal
61 2-BEl 0.000-0.018  0.007-0.028  0.14"2 EgyEE, Rk, nk, IRE, AR
2-Heptanone Blue cheese, fruity, green, nut, spice
62 2-FA L 1-BE45-6-Ti 0.000-0.020 ND
2-Methyl-1-hepten-6-one
63 6- 1 5G-5-Pe4ds-2- 0.000-0.013  0.000-0.017  0.05%7 MR, ®iRE, BEGE, BB EET
6-Methyl-5-hepten-2-one Citrus, strawberry, mushroom, pepper, rubber
64 M-I P 0.000-0.002  0.000-0.004  0.0612% e, R, BFE, dukk
6,10-Dimethyl-5,9-undecadien-2-one Fresh, floral, fruity, green
i£25 Alcohols
65 J%E 1-Pentanol 0.000-0.049 ND 427 KK Fermented
66 3-J% % 3-Pentanol 0.000-0.010 0.000-0.034
67 C 0.037-0.093  0.011-0.044  0.25%% 67, Fuk, B, Wit fuk, &, pRR.n26a
1-Hexanol Flower, fruity, strawberry, fresh, green, grass, woody
68 2 -2- LU Y 0.015-0.111  0.010-0.049 0.1+ B, TR, R, RS RER 3230
(E)-2-Hexen-1-ol Herbaceous, green, fruity, unripe banana
69 2-Pifi# 2-Heptanol 0.000-0.012 0.000-0.009  0.07"* Wk, FEAPMFruity, herbaceous
70 W 0.017-0.055 0.011-0.022 0.8 SEFD, REEE, vk, B, BSER, ek, g
1-Octanol Jasmine, lemon, sweet, rose, waxy, green, orange
71 2-2,3E CL i 2-Ethyl-1-hexanol 0.000-0.004  0.000-0.003  0.27%% 17 Floral
72 3-H3E-Pi-1,6- 45-3-HE 0.000-0.004 0.000-0.007
3-Methyl-hepta-1,6-dien-3-ol
73 R 0.000-0.010  0.000-0.015  0.1%" ek, TR, Biok, Mk, HoR[723230
Benzyl alcohol Roasted & toasted, sweet, fruity, cherry, herbaceous
AWK Lactones
74 755 s 0.000-0.557  0.000-0.689  0.01%¢ B, EHuR, AR, AT
y-Decalactone Peach, sweet, coconut, apricot
75 B = P T ND 0.000-0.004 BT, PIEEED"
Whiskey lactone Coconut, lactone-like
76 -+ A1 y-Dodecalactone 0.000-0.056  0.000-0.086  0.007"*%  FHuk, Yk, FEFPISweet, fruit, flower
M2 Furans
77 4-FSHE-2,5-  HISE-3(2H) - 0.052-0.412  0.072-0.165  0.016!"4 Ak, Aok

4-Methoxy-2,5-dimethyl-3(2H)-furanone

Sweet, caramel
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4:3% 1 Continued table 1

5 RS G0 3] 7 v AR US4
No. Volatiles Content range detected (mg-kg") Odor threshold Odor description
M=+ Autumn  AZF Winter (mgkg™)
25 Aldehydes

78 T 0.000-0.215 0.04214 B, REkT, TR, Z22E, g, SEECR
Pentanal Fresh, almond, bitter, malt, oil, pungent

79 U 0.000-1.008  0.000-0.388  0.021™ HH, B, . B, gl 64
Hexanal Green grass, fresh, green, herbaceous, tallow

80 R-2-C 0.611-1.151  0.267-1.409  0.017* R, AR, PR, Tk, e el
(E)-2-Hexenal Apple, pungent, herbaceous, fat, green, leaf

81 I -2- BE4i 5 (2)-2-Heptenal 0.000-0.012 0.0008"  Hrt*Fresh

82 FiE 0.000-0.056  0.032-0.066  0.0017%%) Fp&, Jiag, Tk, Figg, HHEE>
Nonanal Flower, fat, green, lemon, citrus

83 I 0.000-0.017  0.000-0.008  0.0001%7 &, WA, Bk, @k, BT, FreE, Homtd
Decanal Fat, waxy, pungent, sweet, orange, lemon, rose

84 el 0.066-0.120  0.031-0.051  0.35272%30 ey, gk, HHE, Rk, ke
Benzaldehyde Roasted, almond, burnt sugar, cherry, bitter

PRI Acids

85 1'% Butanoic acid ND 0.000-0.121 0.1114 Rk, AR, JE MR 3 3Sour, cheesy, rancid

86 2-FASLT % 2-Methylpropanoic acid 0.000-0.076  0.000-0.036 5317 Wk, e, IS *Rancid, butter, fatty

87 2-FAIE TR 0.000-0.074  0.000-0.065  0.114 vk, WhE, FER, JEICEDS AN
2-Methylbutanoic acid Sour, cheesy, sweaty, rancid

88 N 0.000-0.173  0.000-0.806 1142 Tk, GG, WOk, AREE, ERR 28

Hexanoic acid

Sweaty, cheesy, rancid, fatty, sour

ND %o “AKE]”  ND means ‘not detected’
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