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Development of Aroma Components and Alcohol Acyltransferase Activity in
Strawberry Fruit During Ripening
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Abstract: Fragaria x ananassa Duch. ‘Toyonoka’ and Fragaria x ananassa Duch. ‘ Rosa’ were used
to study the changes of aroma components and their relative content by using GC — MS, at the same time, al-
cohol acyltransferase activity was determined with the method of DTNB colorimetry. The majority of aroma
components were determined to be esters (32. 18% ) , aldehydes (19. 55% ) and ketones (16.82% ) in ripe
‘ Toyonoka’. While the majority of aroma components were determined to be aldehydes (41.51% ) and ester
(23.25% ) in ripe ‘Rosa’ fruit. In the process of strawberry fruit development the relative contents of ketones
and esters increased, while the relative content of alcohols and aldehydes decreased. In ‘ Toyonoka’ fruit, the
relative content of esters was 4 times more at the red ripe stage than those at the pink stage. While the relative
content of alcohols decreased from 54. 35% at the red ripe stage to 5. 17% at the pink stage. The AAT activity
increased obviously in ‘ Toyonoka’ and ‘Rosa’ in the development of the fruit. In addition, the AAT activi-
ty was greater in ‘ Toyonoka’ than that in ‘Rosa’ fruit at various development stages.
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BAREPIFEYRBF AN S B RUIE LXK GFHMEERE (McFadden et al. , 1965;
Latrasse, 1991),

BABERREPHFFYROMERS. B, B, B, 0. skRsiieys, HPiReay. 2, 5
- ZHE -4 -BEE -3 (2H) - 5knEE (DMMF) 12, 5 - ZHHE -4 - 55 -3 (2H) - kiR
(DMHF) ZFRHEFHMEFSFRH S (Larsen & Poll, 1992; Shamaila et al. , 1992; Perez et al. , 1997; Za-
betakis & Holden, 1997; Forney et al. , 2000) , EEREEH ARG (AAT) BREEZSMAESYEY SRR D
HICHERE, MEEMERIL YR REEE A ROV A BRI E. AGER. MK, BEMFRLE R
T, AATEEEME S REPERERILEYH S B EFMHRX (Wyllie & Fellman, 2000; Shalit et al. |
2001; Defilippi et al. , 2005) , [Hith, EHEXKMREF BEWNFHNEELF, FRERLEZEIR
HERS ST B B AR & BREL L RS AAT BRE MR LR, MIRITERRLERLRAEY
WY& BIEA —E B L.

U RS Tk

L1 HBEEEXLZEHHWE

WH T 2005 4F 10 A ~2006 4 5 AEIWARRI R FHIBRENH#HIT, MK “FE (Fragaria
x ananassa Duch. ‘Toyonoka’) Fl ‘B’ ( Fragaria x ananassa Duch. ‘Rosa’) FHRSHMA, =1
—LMEHAEBRE A T 30 cm x 30 em HHHER T, AP TEFIREGE 1. 10% . RAFEE 53.9 mg -
kg™ . HERHE24.68 mg - kg, A 211.68 mg - kg™,

BREREASBY (REL%, BAER). aAW (REEDCH 174 F4) . B (R
—RDLFEELL) ML (RELL) (FFHEM 55, 2003) , REFRAFEFTHRBUG, SLHIEDIE
REEH— L PE, RBREBERFRER, KERT, 5,

L2 FEYRMNERE

SPME HHE: BEEUNA—BUN RS REL S0 g, TR UBRAES, ROBEGBEEA 1S
mL B R, EEEAEN2 em £EMZER], MEH O, HF2AFHERKAAERRNE RS, 7
B BEHERS 40 min, ZEBURAE A 40°C, RSHEBCKHID A SRBEAMK, T 250CHRK 2.5
min, #17 GC - MS K534,

GC - MS 4387 : i % DB-5 EAE MG, K50 m, HN4E0.32 mm, BEJE 1.0 um, BN
He, A43F, fHR 1 mL - min™", #EEEMTEE 250°C, HRRHIEE 40CHHF 1 min, L5C - min™'
FHEZE 120°C, FHLI8C » min "' FHEZE 200C, &JGLL 12°C » min ™' FHR E 250°C R 7 min, Bk
4B FIRIREE 200C, BB EL, BTHEER 70 eV,

1.3 EEBEREEEENE

RPHLR RO . B3 g BHRRESIREBIE, & g B MA 0.75 mL B H42BUK (0.5 mol - L7
Tris-HCI, pH 8.0; 0. 1% Triton X-100; 0.3 mg PVPP), K/#2E(20 min, 12000 x g B> 20 min, |
TEWEN AR IR W

BEIE MR . R ERAAAK: 2.5 mL 5 mmol - L' MgCL 7AW (0.5 mol - L™' Tris-HCI, pH 8.0,
HH % 5 mmol - L' MgCl,) . 150 pL acetyl-CoA ¥ (0.5 mol - L™' Tris-HCI, pH 8.0, HH1 & 5
mmol - L™" acetyl-CoA) . 50 pL TEEZE W (0.5 mol - L~' Tris-HCl, pH 8.0, H+ & 200 mmol - L'T
BE) 1150 pl BHEBUK ., KL EAMBEAEHE T 35C/KE 15 min, A/5E0 100 pL 10 mmol - L™
DTINB, ZEZER FTHE 10 min, 412 nm b, ARTHERBMRNMBEATH, BHEMEE3 K. U
1 min }IREEFEMBERI - EBERA (U), SRUKEE (U-g7') FR.

Fi DPS #ATEAR T
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2 ZR50H
2.1 FEARMEBRREINEENR

EHGERLEFIRETHEA . AR,

% GC - MS 43t BT B VLEE (NBS/WILEY) KRG, RS EYRIE L,
‘FEFE M CBY RPRLPITEYENR S S RAHEER. MKRSREGY *F
& ORLARARK, OREH, FKEE; W B E9BKR, BRBIR, BRWRK,
‘FEF RLEEYRPEERA SN SR 32.18%, T EAFCHBRTE. ZMIEEMTRT
fi: EAfb&4 16.82% , LN DMMF il DMHF A% BRAEY 19.55%, £BEH (E) -2 - HEE

(17.04% ) ,,

BMBAMAR, 2FRME FE W P FERXK

CEYR B EEYRPELILEUHEANEEN23.25%, RERT ‘FF, UIBRFPHE
(5.42% ) MTERHEE (12.32% ) AE; BRLEY 12.66% , H+ DMMF 3. 38% 1 DMHF 0. 31%,
FWEMAT S BN FF M1/3; BRAEGW41.51%, FERH2 - KR (32.36% ).

®1 EE M FD FERXFEEFHRFEWREANSE

Table 1 The relative contents of aroma components in different development periods of Toyonoka and Rosa fruits (%)
" Rosa
feai i Zi H# B g% zj‘ Toyl;‘;: . O
Compound Aroma w B A & A B oy ELXG
Green White Pink Red  Green White Pink Red
A2 Esters B F g Methyl acetate 10.55 5.42 3.46 5.68 7.23
Z R Mg Ethyl acetate 7.37
T E T Methyl butyrate 1.46 12.32 0.21 7.50
T B& Z Bk Ethyl butyrate 2.71
ZE-[4—( 0 - ZHEZHE) REE] HE 0.67
Methanol, [4-(1,1-dimethylethyl) phenoxy ]-, acetate
Z.% T HE Butyl acetate 0.76
2 - HER T # Butanoic acid, 2-methyl- 0.78
“TABE -2 - kg B £ g 2-furanmethanediol, dipropionate 3.49
C B F i Methyl hexanoate 1.01 2.82
3 - B B8k Z B Pentanoic acid, 3-methyl-, ethyl ester 1.24
2. B8 C B Hexyl acetate 1.13  0.88
C.fk -2 - A B 5 Hexanoic acid, 2-oxo-, methyl ester 1. 06
2.8 H 5 Phenylmethyl acetate 0.23 1.19 1.0t 0.38 1.84 1.67
M2 Ketones WA Acetone 3.80 3.40
1 - 4 -3 - Bl 1-penten-3-one 0.77 0.39 0.52 0.66 0.32 0.21
2 - % 2-pentanone 0.74
1 - 33T 3t Z, i Ethanone, 1-cyclobutyl- 0.55
2 - i 2-heptanone 5.29 1.50
5 -7 3 -2(5H) - ukigAR 2 (5H) -furanone,, 5-ethyl- 3.50 4.07 0.25 3.52 1.92 2.6l
T - FZeWIR[4,1,0] BEkE -2 - Bdl 0.63 0.46
7-oxabicyclo[ 4. 1. 0] heptan-2-one
2,5 - "HIR -4 -¥3% -3 (2H) - BRI ( DMHF) 0.31 1. 62
2 ,5-dimethyl4-hydroxy-3 (2H) -furanone
2,5 - R -4 - HEE - ZHK-3(2H) - Bk 0.77 3.38 0.60 9.56
(DMMF) 3(2H) -furanone,, 4-methoxy-2,5-dimethyl-
2,3-:'%‘\-3,5-:%%-6-&1%-41{-%%-4-@3} 0.92
2,3-dihydro-3,5-dihydroxy-6-methyl-
5-gRETE -2(3H) - okl 0.62 3.45

2(3H) -furanone, 5-hexyldihydro-
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gE1
fam BARS B Rosa % Toyonka
Compound Aroma RE AR BB OB S¥ AR BB aB
Green White Pink Red  Green White Pink Red
EE Alcohols 2,4 - 2”45 - 1 - B 2,4-hexadien-1-ol 20.82 33.74
2 - R4 - 1 - B 2-cyclohexen-1-ol 30.18 31.95
2 - . B 3t - 3R 7L B 2-methylene-cyclopentanol 26. 56
2 -3 248 - 1 - F 2-cyclohexen-1-ol 38.21 47.23
U, -2H — k" — 2 — % 2h-pyran-2-methanol, tetrahydro- 2.09 1.96
R-5-2@ENE -2,2,5-=HFR -2 -okmgfpE 0.21 1.60 0.45 1.91 0.90
2-furanmethanol, 5-ethenyltetrahydro-a,a,5-trimethyl-, trans-
(R) - a - F X H ¥ Benzenemethanol, A-methyl-, (R)- 0.21 0.96 0.41
3,7-"HR-1,6-F"45-3 -8 0.28 1.49 1.41 3.81 4.97 4.26
1,6-octadien-3-ol, 3,7-dimethyl-
2,2,4 - = -3-FSkH -1 P 0.43 1.25 0.91
3-cyclohexene-1-methanol, a,a,4-trimethyl-
B3 Aldehydes (E) -2 - [LHS8 2-pentenal, (E)- 1.27 0.8 0.28 0.97 0.55 0.30
2 - H 3L -4 - L4 4-pentenal, 2-methyl- 8.39 6.13 4.24 4.91
(Z) -3 - 4B 3-hexenal, (Z)- 6. 41
2 - 2 4% 2-hexenal 9.53 10.34 54.77 32.36 32.14 25.57 3.38 0.51
3 - FHIL G Pentanal, 3-methyl- 1.53
(E) -2 - 45 2-hexenal, (E)- 17.04
(E,E) -2,4 - @ " 2,4-hexadienal, (E,E)- 8.87 6.26 295 2.04 860 514 0.32 047
BEfE Heptanal 0.53
2 H ¥ Benzaldehyde 1.06
5-(RPEHE) -2 - 2.87
2-furancarboxaldehyde, 5-( hydroxymethyl)-
HE Others 215 E AL 5% Acetonitrile 0.72 0.50 0.21
& 4% Methylene chloride 0. 86
T 4% Butane 1.10
ZHifkBk Carbon disulfide 4.14 1.86 3.35
Z. B Ethyl ether 7.08
H Z B Ethene, ethyloxy- 0.66 2.93
& Z %t Methylene chloride 0.97
HiBk Thiourea 1.76
2.8 Acetic acid 0.80 0.80
2 -8 -2 - iP5 Propane, 2-chloro-2-nitro- 0.26 0.81 1.69
2 - Z, 30k Furan, 2-ethyl- 2.31 1.66 0.54 0.50 2.43 1.19 0.78
2 — 3T # Butanoic acid, 2-methyl- 2.54 2.81
RE R L5 Oxime-, methoxy-phenyl- 0.26 0.50
C.® Hexanoic acid 2.83 7.98 14.18
M -1,2 - — & JLZEB} cis-1,2-dihydrocatechol 0.76 0.27 0.50
4 - & M4 4-myrcene 0.42
HEEM*E Limonene 0.38 0.31
FEHE Sucrose 0.64
(E) -3,7,11 - =F#£ ~1,6,10 - + =4 1.72

1,6,10-dodecatrien-3-ol, 3,7 ,11-trimethyl-, (E)-

o £ T K T 433X Percent of the total peak area(% ) 91.81 96.08 95.13 92.15 83.17 93.98 90.17 92.74
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2.2 FEEZEHETFEYRENSBAEL
2.2.1 BEASY

BERILEVRBEERLPREEN—LXFEYE, ‘FF' M ‘TP BIOSMHEZAHERK
WBEERA S Y, NEBIITFEEER SR, RS YHENSREERN, BB, BRI R
B CEEFE REUBREEYVESERHNNA9% . 8.86% M 32.18% , B 4§k 0.23% , 14.65%
M23.25% (E1, F2), ‘& RELARHEBERLSVHHENSERE ‘PW W45, LUZK
HlE. ZBRZE. TRPE. TRZEMCRPENE, ‘T UZRPERMTRPERN .

70
[ A& Ester 70 ¢

60 B35 Ketone 60 0 A4 Ester
B K935 Alcohol r 35 Ketone
% B K¥35 Alcohol

50 T
40
30
20
10

e R
Relative content (%)
HAEE
Relative content (%)

=3 & g AR

Green White Pink Red
% B #l Development period K H 8 Development period
1 ‘% EEFRAENFEVRSEOHTL 2 ‘BP BEEARAENFEVRSERNTL
Fig. 1 The contents of aroma components in differernt Fig. 2 The contents of aroma components in different
development periods of Toyonoka development periods of Rosa

2.2.2 BRENLEY

ERTZREARS, ‘FH A B WMAUGUHLTAHSHRINEYE (R, GRAAR
B B8 (1.91% ~8.71%), ARMABEEM (“F& 16.82%, ‘T’ 12.66%) sk (A
1, E2),

B 1 °[A1, DMMF 7EM S AP B RIS REII S , fER B & 88, “F% M ‘%
W rHIR0.60% 0. 77% , PIAPIHRE EF, 40K 9.56%F3.38% , £ ‘FEHE MBI’
R B A K] DMHF, HARM &80 1. 62% f10.31% ., “FF 1 ‘DY’ L+ DMMF
#1 DMHF 22 #0143 3 5 21 AR AL & P ) 66. 5% F129. 3% , 3 H] DMMF HI DMHF 241 B B A5 R 50
hERNRELED.
2.2.3 BEAKEY

CEFOM CBW RUhEASYNE 80 ) 4 Toyonoks

MEBELABEABFHERANEEEMUAL 12| @B Rosa

(E1, B2), ‘& RILREFIBRDEH. B g.,‘z

BN RIEA S YA S B IR % ol

28.52% . 44.36% . 54.35% f15.17% ,* B’ 4 4t

% 51.28% . 68.2% . 4.05% F12.27% , 2

2.3 EERIFEAREUBMEHBMBILNTL “Tam am mm an
ME 3 AUEL, SRy £F AP Green ﬁ;;f“l‘j } ‘:‘eﬁod Red

B ARG RBLEEBE (AAT) MR, PP

HEEEY ‘£5F MAMTHENHEEST M3 SRRTFRLAM AT BT

‘Ty%, Fig. 3 The activity of AAT in different development

periods of strawberry fruit
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A FR ) AAT IEMEREE RS RBAMAH A&, EERW . Bsdifiasd, ‘5% B

AAT E&‘iﬁ‘l‘ié}j‘%ﬂﬁq 2.5.10.4/M112.50 - g‘l , “HI B4 AAT BEET M ~0.8. 6.3 F17.9U -

g o

3 ihie

31 FEEERMERREIPHFTEDR

HEY X REFNTERERKBELESME &8/ FSHM) (Lasen & Poll, 1992) KX
a0

BARRELPEABEBEENR S WA EYE, FEQSERR. 2, 5-_H%-4-
B S -3(2H) - mkIEEA AN 2,5 - —HE -4 - 85 -3(2H) - wkmifR %,

ARBENE CFEHE M CPY GMRBRIFEYERS RN 24 M, EEF PHEERHAM
ECRWBE. ZMABEMT RPN, SHEERN22.1%, ‘FP P HESHBNHREZBREEEMT
BHE:, SMHMERHNT.74% , HMARRY, “EXR4E . "B M FHREAFR BERRT
AR UP BN, CRIETR M CEBR LICEBRE AT (Dirinck etal. , 1981; Miszc-
zak et al. , 1995; Forney et al. , 2000),

2, 5~-"HR -4 -HER-3(2H) - kgl 2,5 - ZH -4 - 53 -3(2H) - IgERE CE
L OPRMEMERRN L 18%, HERT ‘T TM3.609%. 55, ‘B HEEEBRLFTEY
B EERA S WX S BB T 41.51% , H2 - CHREBERIERFESEY R (XS %, 2004)
X EREK32.36% . “F&/F M TP HARTPRESFYRMRR MM S EFAEHEE
Fo BB EWSERES BY) B RIS B 76 A ah Fhial i 22 F XK 8 B 45 SRR E
3.2 EERLTERBHREALADIERUSYHENSEHEL

BRI S YEY S BB R IR BRI R B, TBRRED B - A B A L], TRAC
B2, RIEEFEAMENAEERAEY (Paillard, 1990), THXLEEERALSYITEREE: CoA fFEEMIER T,
BRI RS (AAT) Fsfb ANEEK{bL-E&4 (Paillard et al. , 1979; Knee & Hatifield, 1981), & i
RAMFEEERERER, —&&ERERREEN T AR, REEEREBERTERE; 5B
— & iE12 R CoAs 4 M BmEEE CoAs (Wyllie et al. , 1996), SRIGTE AAT BEAEFI T AEMBE. LiAPIRE
TP ERELEYEY SRR ERERLEY .

AREt, ‘FE RELEEUSYRIFEX S SRR 8. 86% AR LI BILL MM 32. 18%,
HZ N ERAE YRR RN 54.35% S RIBERILLBIAN 5. 17% 5 B’ REERAS YIS
FRHBABN0.23% SR A 2B B 14. 65% , HEZRLES YN H BRI 68. 2% SRR %)
AW 4.05% ., WARBMBREELESYHNERABEMMRIZTHFEERNS, HERLEY
AT & RS RIS SRR S PN S BN 2R T REZE, RIETEREYREGRELEE
Yra ey .

33 EEREAAAEHEX UL SYENSESERERBREMNXE

BT (AAT) REAERBLEVEY SR CREZ —. AXRM R RIN
BARPUHFIA RS RE S, AAT BREEH 2 EES M ES, 52 RERL SN & /B &
Wi, X5 Shalit % (2001) ZEFR PP REGIR -2,

AR CFEF RLAATHEEST P, HEERASYHNEELET "2, K
P AAT BHEHRT P9, HERLESYHXTSEHET ‘BY°, XTSI MMAEERLS
YIEYI& R SAAT (Jules et al. , 2004) HERMEXFMFEEFAR, TEE—PHITEEL
SYEYE BT THLIERP


http://www.cqvip.com

E 000 http://www.cqvip.com]

6 ] FE B BERTAFLETEFEYRY BB BERE N AL 1417

References

Defilippi B G, Kader A A, Dandekar A M. 2005. Apple aroma: alcohol acyltransferase, a rate limiting step for ester biusynthesis, is regulated by
ethylene. Plant Science, 168 1199 —1210.

Dirinck P J, de Pooter H L, Willaert G A, Schamp N M. 1981. Flavor quality of cultivated strawberries: The role of sulfur compounds. Journal
of Agricultural and Food Chemistry, 29: 316 - 321.

Forey C F, Kalt W, Jordan M A. 2000. The composition of strawberry aroma is influenced by cultivar, maturity and storage. HortScience, 3
(6): 1022 ~1026.

Guo Ying-yan, Jiang Yuan-mao, Peng Fu-tian. 2003. Influence of different level of nitrogen on amino and protein in strawberry. Journal of Fruit
Science, 20 (6): 475 —-478. (in Chinese)
BRI, LK. FEE. 2003. FRERKFNEREAERANERNEW. RREIR, 20 (6) ; 475 -478.

Jules Beekwilder, Mayte Alvarez-Huerta, Evert Neef, Francel W A, Verstappen, Harro ] Bouwmeester, Asaph Aharoni. 2004. Functional char-
acterization of enzymes forming volatile esters from strawberry and banana. Plant Physiology, 135. 1865 ~ 1878.

Knee M, Hatfield S G S. 1981. The metabolism of alcohols by apple fruit tissue. J. Sci. Food Agric. , 32 593 - 600.

Larsen M, Poll L. 1992. Odour thresholds of some important compounds in strawberries. Z. Lebensm. Unters. Forsch, 195 (2): 120 - 123,

Latrasse A. 1991. Volatile compounds in foods and beverages. New York: Marcel-Dekker: 329 - 387.

Liu Song-zhong, Jiang Yuan-mao, Peng Fu-tian. 2004. The effects of various nitrogen levels on strawberry fruit aroma components in plastic shed.
Plant Natrition and Fertilizer Science, 10 (6): 638 -641. (in Chinese)
XFASE, FER, FHEE. 2004 FARRZKFUHHHREGRISERSHREW. HYEFRSERER, 10 (6): 638 -641.

McFadden W H, Teranishi R, Corse J, Black D R, Mon T R. 1965. Volatile from strawberries I . Combined mass pectrometry and gas chroma-
tography on complex mixtures. Journal of Chromatography, 18, 10 - 19.

Miszczak A, Forney C F, Prange R K. 1995. Development of aroma volatiles and color during postharvest ripening of * Kent' strawberries. Jour-
nal of the American Society for Horticultural Science, 120: 650 - 655.

Paillard N M M. 1979. Biosynthese des produits volatils de la pomme ; Formation des alcohols et des ester a partir des acids gras. Phytochemistry,
18 1165 -1171.

Paillard N M M. 1990. The flavour of apples, pears and quinces. Amsterdam: Elsevier Science Publishing Company Inc.

Perez A G, Sanz C, Olias R. 1997. Aroma quality evaluation of strawberry cultivars in southern Spain. Acta Horticulture, 439 (1) . 337 -340.

Shalit M, Katzir N, Tadmor Y. 2001. Acetyl-CoA ; alcohol acetyltransferase activity and aroma formation in ripening melon fruits. Journal of Agri-
cultural and Food Chemistry. American Chemical Society, 49 (2): 794 -799.

Shamaila M, Baumann T E, Eaton G W, Powrie W D, Skura B J. 1992. Quality attributes of strawberry cultivars grown in British Columbia. J.
of Food Sei. , 57 (3) : 696 -699.

Wyllie S G, Leach D N, Wang Y. 1996. Development of flavor attributes in the fruit of C. melo during ripening and storage. In: Takeoka G R,
Teranishi R, Williams P J, Kobayashi A eds. Bi(;iechnology for improved foods and flavors. Amer. Chem. Soc. : 228 -239.

Wyllie S G, Fellman J K. 2000. Formation of volatile branched chain esters in bananas. Journal of Agricultural and Food Chemistry, 48 (8):
3493 -3496.

Zabetakis I, Holden M A. 1997. Strawberry flavour; analysis and biosynthesis. J. Sci. of Food and Agric. , 74: 421 - 434,


http://www.cqvip.com

