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Abstract: [Objective] Aroma substances play a key role in the flavor formation of strawberry fruits.
Pleasant aroma is one of the most important characteristics of high-quality fresh strawberry and makes
the berry more attractive and competitive. An analysis of aroma compounds in strawberry helps us to
understand the pathway of aroma formation and identify the special compounds related to particular aro-
ma. The results can be used in strawberry breeding aimed to improving fruit quality. [Methods]In this
study, aroma compounds of eight strawberry varieties were analyzed, including six varieties bred by
Beijing Academy of Forestry and Pomology Sciences, one from the USA and one from Japan, of which
6 were red fruit type and 2 were white fruit type. The domestic varieties were ‘Jintaoxiang’ ‘Rose Prin-
cess’ (tentative name)(10-30-47), ‘ Xiangshan Princess’ (tentative name)(09-30-20), ‘ Yuquan Princess’
(Tentative name) (09-30-36), ‘Snow White -15 (tentative name, white fruit type) (w74-15) and ‘Snow
White -6’ (tentative name, white fruit type) (w74-6). The other two varieties, ‘Benihoppe’ from Japan

and ‘Sweet Charlie’ from the USA, are currently the most widely cultivated strawberry varieties in Chi-
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na. All varieties were cultivated employing routine field management and pest and disease control.
Fresh fruit samples were collected at maturity. Samples were analyzed using immersion stir bar absorp-
tive extraction- gas chromatography quadrupol mass spectrometry (Imm- SBSE- GC-gMS), combined
with the sensory evaluation by sniffing and tasting. The aroma type and the core compounds of each va-
riety were identified and the relationship among these varieties were analyzed using Principal Compo-
nent Analysis (PCA). [Results] According to the scores evaluated by sensory test, the 8 strawberry vari-
eties could be divided into three grades: grade with extraordinarily strong aroma, grade with strong aro-
ma and aromatic grade. The results of GC-qMS analysis showed that totally 46 types of volatile sub-
stances were detected in the tested varieties. Among these compounds, 23 were esters (50%), 7 alcohols
(15.22%), 6 ketones, 6 aldehydes (10.87%) and 4 acids (8.70%). 36-40 types of aroma compounds were
detected for each variety and 23 were common in all. The relative concentration of y-decalactone was
extremely high in ‘Jingtaoxiang’ (259.25), which accounted for 79.52% of the total relative concentra-
tion of esters. In ‘Rose Princess’ (10-30-47), linalool (relative concentration 30.36) was the main ingre-
dient. Among all the varieties, ‘Rose Princess’ (10-30-47) had the strongest rose fragrance, which was
related to the ester type and content, fragrance alcohol (especially linalool) and furan class substrates.
The relative concentrations of linalool and DMMF accounted for 82.08% and 79.54% of the alcohols
and the ketones, respectively, while the two volatile aroma substances exceeded 50% of the total concen-
tration of the main aromatic compounds important for the fragrance of rose. The two white fruit selec-
tions, ‘Snow White-15" (w74-15) and ‘Snow White-6" (w74-6), had unique compounds of methyl 2-
methyl butyrate and methyl benzoate, the former having a pineapple aroma. In ‘Xiangshan Princess’
(09-30-20) and ‘Yuquan Princess’ (09-30-36), which were the F1 progenies of ‘Yanxiang’ x ‘Beni-
hoppe’, the volatile compounds were similar to those in ‘Benihoppe’. They all had the highest relative
concentrations of acids, accounting for 36.47%-44.44% of the total relative concentration of volatile
substances. The distance interval of ‘Yuquan Princess’ (09-30-36) and ‘Benihoppe’ was smaller in the
scores plot of PCA, and both had flower fragrance. Their aroma compounds were similar, and the aroma
heredity was thus relatively stable. The ethyl 2- methylbutyrate and 2- heptanol were undetected in
‘Benihoppe’, which were the unique volatile compound in ‘Xiangshan Princess’ (09-30-20) found in
this study. It might be influenced by the parent ‘ Yanxiang’. There might also be a genetic variation af-
ter hybridization responsible for new aroma substances. [Conclusion] In conclusion, y- decalactone,
methyl butanaoate, ethyl butanaoate, methyl hexanaoate, 2,5- dimethyl- 4- methoxy- 3(2H)- furanone
(DMMEF), linalool and (E)-2-hexenal were the main aroma substances in the eight strawberry varieties
(strains). Esters were the most active aroma compounds in strawberry. ‘Jingtaoxiang” showed the high-
est total volatile compounds concentration, and y-decalactone contributed a lot to its aroma formation.
The aroma of ‘Xiangshan Princess’ (09-30-20) was not only influenced by the male parent ‘Beni-
hoppe’ with flower fragrance, but also affected by the female parent ‘ Yanxiang’, which should be fur-
ther studied. The pineapple aroma of ‘Snow White-15" (w74-15) and ‘Snow White-6" (w74-6) was
supposed to be formed by the interaction of characteristic compounds of methyl butanoate, ethyl bu-
tanaoate, methyl 3- methylbutanoate, methyl 3- methylbutanoate, methyl hexanoate, ethyl hexanaoate,
DMMEF, (E)-2-hexenal and especially the unique substance of methyl 2-methylbutanoate. Furthermore,
it is suggested that y-decalactone, DMMF and (E)-2-hexenaldehy play important roles in strawberry aro-
ma, which should be further studied.
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Table 1 Source and parens of eight strawberry varieties (strains)

AR AR Kl
Varieties (strains) Parents Origins
213 Benihoppe 4 x5 7 AkihimexSachinoka H A Japan

17 Sweet Charlie

kA Jingtaoxiang

Fr 1A 32(09-30-20) Xiangshan Princess
E IR A F(09-30-36) Yuquan Princess
A F(10-30-47) Rose Princess

5 A E-15(w74-15) Snow White -15
F1%5 A E-6(w74-6) Snow White -6

FL80-456%Pajaro

ISR R BT Darselectx Akihime
PPN YanxiangxBenihoppe
AT L9 YanxiangxBenihoppe
ML REN Yanxiang*Pink Panda
SEAEEFI Seedling selection

S P Seedling selection

Z£[H United States

AE SO R B2 TE B
Beijing Academy of Forestry and Pomology Sciences
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Table 2 Sensory evaluation of the eight strawberry

varieties (strains)
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. . Fruit
Varieties (strains) color Flavour Aroma type Aroma
score
A AN it & 9.6
Jingtaoxiang Red Sweet peach aroma
AR AN R e 9.4
Benihoppe Red  Soursweet Flower aroma
#FILAF09-30-200 4L [} RE 8.6
Xiangshan Princess ~ Red ~ Sour sweet Fruit aroma
BERA F(10-30-47) 41 PR & 7.8
Rose Princess Red  Soursweet Rosearoma
FIRAT09-30-36) 4L e e 7.6
Yuquan Princess Red  Soursweet Flower aroma
HEAE-15(w74-15) H it W 7.4
Snow White -15 White Sweet Pineapple aroma
AL AT-6(w74-6) R WE 6.8
Snow White -6 White Sour sweet Pineapple aroma
AR a HE 5.4
Sweet Charlie Red Sour sweet  Fresh aroma
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Fig. 1 Aroma compositions detected in the eight strawberry varieties (strains)
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Table 3 Relative concentrations of aroma compounds in the eight strawberry varieties (strains)
i Fil (R Varieties (strains)
e annl e A HEAT- AHEAE- FLUATE BHAE ERAE . it 23
Categories Compounds Jingtao- é 5(W74-15) 6(w74-6) 09-30-20  10-30-47 09-30-36 £ Sweet
xiang now anw Xlgngshan Rqse Yu:quan Benihoppe Charlie
White -15  White -6  Princess Princess  Princess

IS LR LB Ethyl acetate 147 491 1.36 4.85 3.35 1.69 1.25 2.34

Ester L R-1-H 5E 2.1 1-methylethyl acetate 028 036 1.04 0.59 - - 0.45 -
1R ¥ Fis Methyl butanoate 27.39  61.71 54.87 33.18 54.92 14.66 47.60 24.84
2-H B TR i Methyl 2-methylbutanoate  — 0.48 0.87 - - - - -
3-HE TR H fi§ Methyl 3-methylbutanoate ~ 2.60  13.68 20.18 3.23 1.13 4.86 1.06 1.31
T /2 Z.1i Ethyl butanaoate 835 27.07 7.59 23.99 22.16 6.20 8.87 14.48
1-F 2R T I 1-methylethyl butanoate - - 0.57 - - - 0.37 -
2-HI3E T /R Z. 1 Ethyl 2-methylbutanoate - 0.98 - 0.59 - - - -
3-FI3E T /% Z.fi% Ethyl 3-methylbutanoate 1.82  5.05 2.05 474 0.97 3.78 0.99 1.79
2T 1 Butyl acetate 030 091 - 0.67 4.80 1.07 0.13 0.74
2T 521 ES 3-methylbutyl acetate 0.57  1.76 1.22 0.75 0.94 1.01 - 0.32
M2 £, T Ethyl hexanaoate 1.04 5.23 0.33 6.17 5.70 1.28 0.32 4.57
CLF2 PP i Methyl hexanoate 468 1117 3.40 14.98 12.95 6.89 8.80 8.89
Z.TR C.lE Hexyl acetate - 0.63 - 0.73 6.40 1.11 - 0.29
(E)-Z.1R-2- TG - 0.99 1.10 - 0.81 - - -
(E)-2-hexenyl acetate
ZR™ 1 Phenylmethyl acetate - 52.49 13.54 1.38 1.70 0.80 0.76 0.90
AR LK FH R F B Methy] anthranilate 036 - 0.24 0.39 0.88 0.30 1.44 -
KT F TG Methyl benzoate - 1.56 0.80 - - - - -
2-4.H IR IR 158 1.89 2.06 1.86 2.09 1.42 1.85 1.66
2-ethylhexyl salicylate
YR £ 12 F S Methyl nicotinate 438 - - - 1.12 1.28 1.35 1.94
y-=F PN il y-octalactone 1.05 027 - 1.38 0.71 1.18 0.86 0.85
v-2¢ M T y-decalactone 25925 4.6 1.39 3.61 2.42 2.79 1.47 160.61
y-1 N i y-decalactone 1247 1640 421 10.09 4.18 7.73 3.14 7.72

i 25 FR3E- 5 T JEE] Methyl isobutyl ketone 215 - - 1.92 0.35 5.38 1.21 0.65

Ketone 2-Bfii 2-heptanone 1.60 - - 15.09 4.26 2.54 7.82 1.80
2-J% i 2-pentanone 1.64 1.13 1.71 2.19 2.25 1.17 4.02 1.15
7K 2. Acetophenone 1.18 0.90 1.65 1.74 1.77 1.71 2.10 1.14
6-H1 %E-5-P#)% 6-methyl-5-heptenone 041 027 0.48 0.13 - 0.59 0.15 0.32
4-FAJE-2,5- Z HI 32 H)- R R iR 4141 2652 12.44 32.42 33.55 13.02 14.78 22.93
2,5-dimethyl-4-methoxy-3(2H)-
furanone (mesifuran)

Mg 2-JEfiE 2-heptanol - - - 2.45 0.13 - - 0.13

Aleohol gy » T2 (E)-2-hexenol 028 095 1.21 0.39 0.70 0.70 0.85 0.57
1-2¢4#-3-F% 1-octen-3-ol 0.15  0.80 1.27 0.45 0.97 0.23 0.63 0.65
Ui Hexanol 030  0.65 0.70 0.41 1.06 0.60 - 0.52
11 B % Furanmethanol 159  1.08 1.23 1.30 1.19 1.09 1.58 1.16
U B Linalool 1120 19.42 10.05 6.96 30.36 12.58 13.87 9.10
FAWIE Terpineol 6.89 4.9 1.93 0.66 2.58 4.86 1.94 478

iz 2-HI % TR 2-methylbutanoic acid 298 131 1.51 4.76 421 221 1.97 1.76

Acid 2.1 Acetic acid 033 0.8 032 - 0.14 0.16 0.27 -
CUf% Hexanoic acid 57.94 1398 10.08 113.81 40.65 87.33 7278 28.53
31 Octanoic acid 390 1.24 0.45 18.41 1.18 10.23 9.33 7.14

[[EES HEBE Furfural 135 098 1.16 1.50 1.80 1.99 1.58 1.18

Aldehyde gt Nonanal - 1.23 0.42 0.68 0.68 0.93 0.30 1.29
(E)-2- C. 4% (E)-2-hexenal 12.61  25.19 27.88 5.68 13.41 14.71 9.16 15.44
(E)-2-H 7 (E)-2-heptenal - 0.97 2.02 - 0.15 - 0.29 -
CLfi% Hexanal 144 123 1.13 1.20 1.68 0.79 0.88 1.19
2 H1 i Benzaldehyde 0.14  3.58 2.75 1.91 9.10 4.02 5.07 0.44

W T RRINBAAFAE o

Note: “~”. Not found or not exist.
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(10-30-47) AR X e R B B v » FLUT 8 B 0O AR X IR
83036, & EEPEHEIARE . ZHER A
B R Bk A A SRR, WK 4T DU Y, R

Y5 AE E RAIC 28 B AR SO U R B ey, R B IR
B ERTRM, (E)-2-C Ml 2 F B &AL
J&I7 o

R4 SNMEFRM(R)BSYBRBNRELLR

Table 4 Comparison of relative concentrations of aroma compounds in the eight strawberry varieties (strains)

X L1 J Relative total concentration

AR /ES] SR HEAE-15  AZAE-6 HliaE BORAE ERAE T LiREREt

Categories AR (W74-15) (W74-6) (09-30-20) (10-30-47) (09-30-36) "L Sweet
Jingtaoxiang Snow White-15 Snow White-6 ~ Xiangshan Princess Rose Princess ~ Yuquan Princess Benihoppe Charlie

B Ester 327.59 211.80 116.82 113.18 127.23 58.05 80.71 232.51
Ji 2 Ketone 48.39 28.82 16.28 53.49 42.18 24.41 30.08 27.99
B2 Alcohol 20.41 27.49 16.39 12.62 36.99 20.06 18.87 16.91
R Acid 68.15 16.71 12.36 136.98 46.18 99.93 84.35 37.43
[ 2% Aldehyde 15.54 33.18 35.36 10.97 26.82 22.44 17.28 19.54
SFT Sum 480.08 318.00 197.21 327.24 279.40 224.89 231.29 334.38

24 ARIGEMR)EFEFTSMRERD T
DAAS [] it ot C R0 B B2 A S ot o 288 B LA X
W NEAR IR, AT E R o b, a5 Rl 2. 1
PCA #57#1 /f, PC1(30.39%) Fll PC2(21.27%) it 77
DR N 51.66% . AW S WLREAS (1) B 2015 )8, A

BB AN T 7 (PCL-PC2) HEAT /3 #r . I 2 7]
DL, AR CGRO B RLRE 53 ) SR EE1E PCA 1547
P AN ) X 3o R B JFL P 8 (R B 1 KN 5 i Ul
ARG 7 N4 2. BB—N TRk E LB
CRIRATE(09-30-36) R AL TR KL B

w746

21.27%

PC2=

3020 :
-4 3047

w7415

4 2 0

2 4 6

PC1=30.39%

B2 SNMNEEM

F(ZE)PCA &

Fig. 2 Scores plot of PCA of the eight strawberry varieties (strains)

J7 FEBS ARG/ , R AR IR s 38 — AR
HRERER AT AE-15"(W4-15 . AE A E-6’
(W74-6) , fr T 1534 BRI, — ASFEA ) |77 X3k
—ANTEAN R J7 X 8k, 75 55 3 54y b R A ] [
PEAOR , ¥ R MW 20 R 50 TR R A P 22 S K
BN A (10-30-47) , A T A5 B R 7
V0N A 7 (09-30-20) , A7 F- 1535 B A

TI7, 54— B T , 5 LA UR S B A
BHER.
3 W ®

RPN FE BRI R PR o & KR 2
— AN FHERAMED R 25 T RESAN R BB Rk, A
R ARV 2R R 80V 5 A
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H35%
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N

AR AR S 3 AR U A6 A X 8 A
B R CRO BRI R I A I B 3
737

%

= I

P AT KR IR SRAE A i FR R R ) SR 2R
%, PR R R 8 28 5 A K 22 00 b R
R 55t 1 » WSS T SRR R IR SR o S A A B SR
AR A BB

PRGBS IR FE L, 8 AN AR i Bl (R ) W] 43
NRFRVBIR A BEWRIANEL . AFEHR SR
AT 22 SR, o7 & R & 5 k& R
y-Z8 B AR O B AN R, R R MY R
1] 54.00%, PR IRIBk T &S, 5T PP 45 AR
— 3. fERBLE RS JE AR LA A R,
- 5% P R 2 SR SRk A IR B2y 2 —, IF H FaFADI
2 5y- NGRS A, Sy-ZB NN S &
S E Y EP S e IR A<l SRS T
TZHE R 2 il D HLIA K A B B PRI R O i
B2z —, A B A FaFADI {7 A PR H T il
() SNP F1 SSR 73 F-#ric, I 37 T & 44 & , 7T
TR E MR E R R I TRES . BRIEEPIIER
TSI XU 4 S 38 A R PR AT 7T R R By - 55 Y T
Y- TN BRSERHIE & SR R S R A 1 100,
A IR LB R RAE S AP RN K. AR
Fo Bk A T B BRI R, mIR
v -2 PTG AN — 52 By -+ — PO TG X Bk A o v s
TER XHERYEE SR Fhnic R AE R E
P B M.

CHCHELA T (10-30-47) H U (1) B A R LE T
A A (RO H I S, A R ANE R T B R R
Mg &, H5E R EECRe 1 A2 U0 & ) AR IR 2840 I
A K. YLFEEF DMMF FIAE XS R B 2 31 o5 B IS R0
Tl 25 51 82.08% 4 79.54% » I T AH X Jek ¥R FE 11
50% , X < BUBE A 327 (10-30-47) HIRFAE A5 bk 2 B4
F o Forb, PO I 32 B o A R RS AR U & A 1
(F. ananassa Nerolidol Synthase , FANESI) X5 .,
H AR NES AH oG g (1) /E FAR /N, H. FaNEST{E R
PR RS g v R I Rk, mT DA DA AR L2k
T % (geranyl diphosphate , GPP) N JEX , fE 4k A= 1 1%
Y15l . DMMF & {1 DMHF $64k 11 3k , A7 i 5 %5 (1)
SRR, 2 E BRI, R A B S A
E‘Zﬁj\[zs]o

“FIAE(09-30-20)  C IR A E 7 (09-30-36)
Je MR x LTI AR 1R IR B HORIIE R

iR e TEFER DR R T 2080 AF-AEH 2 A1
Bz A HEEN AT ER. NAFERIKE,
UL M E R A T (09-30-36) # A AL B, {E
PCA ER it el & W, KR A FE(09-30-
36) AL FF 1l A 37 (09-30-20) , i & S A 40807
(15 B B AT, FLAZ R VA AR R Ak FE AR ZE /N, )
Jo ZH BRI R o A P AR O M e ey E R I R OR A
F7(09-30-36) 1 BRI B 5 S5 AR 20 B0 1) 52 MR A
K BAEEFE I AT (09-30-20) FIEE R A&
RS SR A AL AR R 22 S BOR, T bR A R B
‘AT (09-30-200 FE A 2- AT R 4B 2-
BRIELE 2L W AR IR, 2 A LAY, AT RS2
AR BAE IR, 0] B8R TR A JE B AR
FEPEAE R E R R . fERE VAN LA
F7(09-30-20) Lt ¢ F IR 2 F 7 (09-30-36) H A
W TR R VW RABKHAR FE s R, Al AT
(09-30-20) JIT 25 2 21 FH 8 288 () AHOGT AR FE 2 © 210 A
CEIRAE(09-30-36) 11 1.4~1.9 5. FEIRIE , IR
YR AE — E Ta N B A RER P S R ER R
AR AT LS I A A A R R R 3R
TTAAIX AN 2R A SRR 2 R AR S A B
ARSI 5 1 3[R sz o), 17 05 2 KRB 2 /e i 757
AR R MBS AT N A

HA, AR EAE S FOE LR D, AR T K £
i ) - 35 A (10 A BB B AN R B BOR 7 T 6 SR
SR TR Y RREE R A E-157 (wT4-
1A HF A F-6" (W74-6) (R B YR 3 B A Bk
(95 B <, R AE I I 5. A0 A R B 2- 3k T
i F TG R R TR I A O B Gy, HLRT S R
AREEFRS. CRTPE.CROBE. TRRTPE. TR
ZG . R RS T B Y . DMMEF .« (E)-2- C. 0% BE 254
JRAER A FEA 7, K 22 o0 B ELA A R RTIR A vk
XS TTRRER . 256 KE , AR R Z Ry
(1073 2 IR FE AT B 40 2- R TR PR AT R A A
TIE ) FAh R 2R A A ) DL R 2 1 25 TR 2R Ak & W 55
L EEFTE R

5K 18 5 55 PN 33 AN BR 3 i Bl ) A SO A3 T
3 H A A AR RO A2 S ER R A
B, FORCE M E RN BIRE R - y-% A
Bis CR B AN UL F R 2 TR R AN E TR G 3
FERER CT RRE TG QR E 1) Je M B ¢ B 2 3 Fg
RRAE B R () EE B R A0 AW SUAE < B AT B o A
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T E y-38 PG R S CUR R R AN A e DO o B
FERIY , He P y- 28 N B AR IR B s (HR R LS
B BB A E R R EE R TR
P& W 5 O PR B A RSB P 2
FCJF A AT RE 2 B A R SE AR R 2 — el
2 5 % AR AR 7 B L Rl L BN o S5 AR TR
SER 2. AR AR RS R, He A
AR & 2 R AR ARAK [ I 52 31 1 P A 55 2%
PP R 15 T AT AR S5 2 R R R Y A
B AR R T, B RS R B 45 K
PEAD T AR 5 A i T A AR SR o B i » BT LASR
L A SBER R A A & .

4 45 B

I 8 AN R (RO B BT AT, < Bk Ay -
ZE T2 LRk A E R, AR A s BUIR
A FE7(10-30-47) i 7 BE A DMMEF 2 BUEE A R 11
F R s R AR R B Y 2-F TR
HESFRREE SR TP LR T TR
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