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Abstract: Mango volatiles released during postharvest rip:
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were .quantitati measured and analyzed with an ultrafast gas

chromatography system (zNose™). The mango volatiles were characterized by extracting tl ass spectral peaks of different volatiles and
mathematical models were established to measure the blackspot rate of mango’skin.and degree of ripeness. Odor, skin blackspot rate, degree of
ripeness, soluble solid content, respiration rate, and other experimental data were compared and analyzed. The results showed that peaks 4 and 5

from the electronic nose data could effectively determine the degree of rot, peak 7 .exhibited a high correlation with the degree of ripeness, and

the soluble solid content showed a small contribution to t
the degree of rot and values of peaks 4 and 5. The rot'of ma
rate of determination was over 90%. A-piecewise exponent

ation of the degree of ripeness. Gaussian models were constructed between
determined using established models and the threshold value and accuracy
al model was constructed between the degree of ripeness and value of peak 7, an

effective estimation on the degree of ripeness was achieved. The root mean square error of the estimation was controlled within 7%.
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Fig.2 Degree of rot on mango surface in different stages
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HAERE  VIPME (B2E)  VIPE (R#AAE)
1 0.92584 0.84204
2 0.89629 0.38572
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i% 5 2.22884 1.54290
% 6 1.48388 1.50759
7 0.10319 2.52839
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Fig.4 Variation in degree of rot on'surface and values of peaks 4
and 5 over storage time

T PLS e G 4 506 5 ST B R 2 T

RREA 2 8 S1RAE

LR U 4 JUE S [T

ALVEH, fE21

AL ZE . &
dZ@é? TR, 21 d 2 )5 BARETT
e kA T (LA TR 5 T 0 T P38

LETpA

< 00 10
5, EE R SR EN

PR TR A 5 3R T 2 B 2 TR ) ok R I FANE A 2
BRLRA IR .

N T W RORIE TR SRR E IR R, X
BT A e A AT EHE, DAERTHIES A 5y x-H
X 5% 30 ] P I AR T AR A T PS5 b3, A
I S ArHEZE 2, Wil 5 R, BEE TS RRHE
PEFERERRE N, g 4 AU 5 IS AVEIZHA R, &
350% /2 A7 IR BB K AE, WE 4 THARYI{E A 4700 Cts, 155
TFASAME A 2800 Cts B RAK TU6 4, i fig 4 FE ket
35% LA, TR UE UG T AR ARL Y4 B g e R 488 oy S %,
% B0% MK PR 3B 4% 1000 Cts.

6000 o

5000 - S

4000 -

3000

U A ARE / Cts

2000 -

1000

80

40 50 60 70

20 30
JE LA FRIE / %

Fig.5 Relationship between degree of rot on surface and areas
of peaks 4 and 5
5000

——— ¥R 0 8 M adj-R?=0.736

o ¥ o

4000

3000

2000

U A ARE / Cts

1000

BERATLIE 1 %
Bl 6 i 4 g 5 HISHMREIIG B & LI BHRIMER < E
Fig.6 Gaussian fitted curve and experimental scatterplot for

peaks 4 and 5

2 SHMERISTIE 4 Fnlg 5 mINENIAE SR
Table 2 Fitting parameters of Gaussian models for peaks 4 and 5

M5 AR a b c adj-R?  RMSE

i 4 . x—b )’ 3711 44.47 2842 0736 701
X)=a-e—| —

%5 ) ( c ) 2124 46.08 3035 07242 392.8

P 4 Fo 0 5 IEmBUE AR LRSS, AT R
Hok HAHTHER, 3R 2 45 HPRIEN = iR o i 2
K. BT RS TTIRZE, B 6 AH R 2k
FE R BE AT . BT SEIORE AR R T R S FE R
WFEAIEAT 70280, BT Hr ()L 35% 4% 50%K M fi 1=

FREEARAARTR, W00 e i ] BEG P A8 i T T,

FEUEREAE A B A SRR, I E R R
AR PG, FRAEZEROR . R R L P Bl
/DB FE A E RN, DLRTRIRE
DKo L EDIEO R 1 a (BSR4 b

307



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

Fl ¢ FISZMAARXT IS, SEMASBRIE 4 F1UG 5 frg Y
{ER/INTTASTE I S0 B B o ogh v B (190
BEERME, AR 4 275 44.47%R TR AR H L,
UEETHIFME A 3711 Cts, 1l 5 £7E 46.08% 7% [HI 55 S
WL, ERUEN 2124 Cts.
223 FEAKRLE

Y TSR 4 5l 5 (10T ARE AT B SR e e
FERI SRR AR IR, BT DA AR F W i AV E R A =
THI S SRR BE IR BRSOk S AT HER i T . (HAA Bid
WA SR T LUK BLE R TH R 12 0~80% X [H] P,
FHATXIRR A, AR RS T — T ™ 5 5
JR I, FETRE R R A AR, Rk, AT DLE
EHE R TR, ARSI 4 8004 5 1ERAE 2
IR

#* 3 RBIEEEN IR

MEE—RFEARRINAEAE T, %P7 R 0E U
B: FEAERHIUE AR, HIntnEsmiiE s R
/T 5%, PEEGZ I EREAS I 4 Filg 5 WETFUE,
Gy (3R . BAA 90 4 IR 333.2 Cts,
I 5 [ RI{E A 289.8 Cts. TiARHE L id rmy ks A At 113K
HY ) B 04 4 % 539.3 Cts, 1% 5 5%f v 340.0 Cts.

FH S AR IS X e 4 g 5 (101 {ELidE
ATRESG: Wi 4 i SEI B IE 333.2 Cts HHEA]
DRI, WA IERG, SNMEPCN & — IR
WRITRTI; XU 5 A IR [RIRE 0 7 VA TR (E A 2
LTt BRSIGIE BIE AN, [RIET DA Sy it o)
{EFHR R Ehmotk A7 ) e Al +ﬁﬁjf,ﬁﬂ

N

T 3 AT AL

-

Table 3 Checklist of threshold determination of degreeof rot @

e L BME/Cts  JAEAER  RBRF EABERERAS KBEAR  BERA EREHFR
‘ #4 333.2 3(21.43%) 22.13%)  4.85%
ZITY 2(14.29%)
45 289.8 " 5(35.71%) o 77.45%)  125%
#4 . 4(28579 1(1.06% 4.85%
BAME 5393 (285 /‘& 2(14.29%) (1.06%) 85%
45 340.0 5(35.71%) 4426%)  9.09%

% 3 LLRea SR mT n, @I X 5 RREAR L3045
FIRIBRIE, XSS RS 1% O & A7 o
I, & 14 AN HBUE R A, dfEH m%‘4
g, HIL 3 UORFIHAREREA, A2 21.
G 5 BEATHIE, HIL5 YRAL, RAEER ;
J 94 AN HE LTI I ket e, B e 4 A7)
B, HBL 2 YORA, RAIFR2.13%, Wifi g 5 3T
HIE, W7 UGRH, RFIEE 7.45%. FIFHIE 4 1)
RHIFA 4.85%, FIFIE B AR AR 12:6%, 1% 4

%ﬁ?%%?ﬁ@ﬁ%%%ﬁ%%ﬁﬁ%ﬁoﬁﬁﬁ
| B S, I E R B R, BRI
W 4 TEAELAE A o LR A BEAT 340 I F) 12 4
R T HSBOR E  BE A  ZR oA
ERE . TR, 3R 0 4 BIRLE ZE I
EHREREIE, B KRR AT it

23 RIS

231 HAREAFIERGF
T IR RARE AR, LU B AT 40
W, S AR N AT R A I L

308

W A B 80 12 R A AR I

(2) W 4 THFAE B 539.3 Cts B 5 T FA{E
B3 340.0 Cts IFEASER AL IR -

FEHEDL FIRHRAT, SRR RSN IR A
B R S O PR AN TR 4% st 165 M) T i E 4y
Bro MHBEHLIZEL 99 AMEAH T, HAWFEAR T
BRATEG . HHER 1 AR, AP 7 ANgrhlg 7 X R e
BAESMMEREGE . ISR IR 5 A 2 8] 9
WA RIFMZ&MERR, MASCHIA BRI PLS it
AT SRR AL
2.3.2 FUmAEA

2500 e T
il
2000 - o T
g —a— 4T
g I weihees CO, B8 o
= 1500 e B 60 &
= 1000 2R
&
500 F 1%
5 30
{FIAT ) / d
B 7 UH7, COMFIRIRR SR & Lt RATE A BRI Lt
%

Fig.7 Variation trends in peak 7, CO, respiration rate, and

surface yellow ratio along over storage time



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

B 7 JER S — AR 2 8 ST AR RN 25d (1)
DA, HERmTE . COy FRIRGHE R AN 7 T
BUEBEE A7 IR AR i 2R . P mT LB 2 H
TR R R AE TR IR = K5, CO, PRI
BORPUE BT, R AREEER S, REEH T .
X TG B SA RTRE B Sk 7 (0
THRUE b, ARG 7 R EFET s HIE CO, M
WO AR T& S PR R o 1T FH LASRAE R A FE PR 2R T 3 £
b B AR, BEE AN (R, 2R BT,
X HE FAPR S5 i 2 T 1, AR T 3 2 5 B Ry 559K,
CO, MR 2R IR, A 5 Ly 57.5%%0, U7
TRMEIA BIEAE, DL T 129 AN AIE 7 () EFHEEAR,
36 MMAIE 7 IR FEREA, T F A P I L
R,

YT B R T R T 3R 5 LR DL 2.5% 5Kk
FTEEHE, DILIME RArE 3T ik fiid, A 8.
T8 A A BAT B R B, St A R
B 2B o PR R O T A5, BRI S

WA 4. WorBOAERIA] CAHERT, X AAPEARGE IS,
e 7 FROVREAELN 12 B E RN 62.4% /A, WA 11
£ 1460 Cts /ety X ATRIITIRMAL TN fit—
NREFWIZH. IR, AR B € R0
S T B, AR AR 3 (LR
Bo g it 22 57 i £ B A A

2000 e
— RABER A
—— i SR B
1500 F — B
e Ji5 BUREF Y
1000 |

U A ARE / Cts

500

710 20 30 40 0 60 70 80
MW/ %
=8 EE%?&IE'—%HI%MMTEZ’:Jéé?:ﬁéﬁﬁﬁﬁﬁffﬁﬂﬁit
Fig.8 Relationship between degree of ripeness and peak 7, and

piecewise model

®4 PRBBESHRIRENEE

Table 4 Model parameters écision of pief&1
AEA a b

ise model
X 3% ~ Adj-R? RMSE
R b 55.77 0.05236 0.8524 107.5
N f(x)=a-e
R 92 5336 -0.02076 0.7029 126.1
. - BA_E i oo 0 7 AR A B AL T, AR A
'ﬂfw* b } ARG 7 HEAT A AT O TTRE . HRERR ] 0 BLeR
# - 1\ - sp - [ S S L eHe g 2
& 18r R it BHIE AR A TR
— _ i : -l - /
S 16 -1-1"s, Cl =[1.91-1n(p,) - 7.68]% Cl <62.4%
3 14) B = Cl =[311-36.24-1n(p,)]% Cl > 62.4%
& - -
= 12+ I mm - " - : - - =
o - . 80 -THHIAE
10 L 1 1 - I I Il R-_lo'I6 | = T0F '&H{L
S~
10 20 30 40 50 60 70 80 90 =
e Y o60F
JIAE [ C1% f sok
&%ﬁwﬁ‘—ﬁﬁﬁﬁﬁlﬁlﬁé%ﬁéﬂ’\ﬁég B A
Fig.9 Relationship between degree of ripeness and total soluble & 55l RMSEC=6.9185

solid content of mango

TSS 1E il RS K SR A AR, Uk
A X P R A AT o T, AT TSS IIE 3R
RFEARSLL ClI AEHHTRAL R A BT A&
(el 9), e REUN 0.16, RIIPE Z [AIHHK
PEARZE, XS PR A BERAL, ANELE T TSS SRt AT.
AT IR AR (Y TSS {E-% 3k 1 10 Brix, IR AT RE
XFGERFAA RO, & (ARSI BRI IR L T R &
PRI R A AN [R] T AN
233 ARAE

RMSEP=6.1048

A 1 A1

1I0 20 310 4l0 50 60 70 8I0
BB / C1%
E 10 SR 7 BFAE fRIHGL8
Fig.10 Validation of ability of peak 7 to estimate degree of

ripeness
RV T 66 MR FEA BT ALERAIE, 40
’] 10 Fra, LA b4y B pR B RS nT AR 4 i B DA IR SR
U 7 5 pAE CIHE TR SG 2R, RBEAL A= B Tl S
ERSIESE, Al 13 7 iR 224334 6.1048 #16.9185,

309



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

FHELT CLA DY 2.5%[ 7315, Se e A EE Y .

3

ghig

ISR T — R RENS PR E B A IR AT LT

0 B A T R A R SR A TR B A A, AN
T A2 5 A TR T R0 SR P S A AR Tl
G AT SIS R T S R I AR U 4 g
5 BEA U A, Tl 7 BRAGEAE BAATR
A, (R PEE TR bR S5 T SR G
PEAR/IN. it —0 04T, (R 4 U6 5 SRR 6
BT T, R A AR X S A T R
W, HEfRER I 90%; RIS 7 5 A EZ (RIS 1 4y
BAREOAY, nl A oo B A T, ATy
MR 1R 22 e HIIFE T%LAN

(1]

(2]

(3]

(4]

(5]

(6]

310

Snowden, A L. Post-harvest diseases and disorders of fruits
and vegetables: general introduction and fruits [M]. London:
CRC Press, 2010

Lalel H J, Z Singh, S C Tan. Aroma volatiles production
during fruit ripening of ‘Kensington Pride’ mango [J].
Postharvest Biology and Technology, 2003, 27(3): 323-336
Yashoda H M, T N Prabha, R N Tharanathan. Mango

ripening: changes in cell wall constituents in relation. to

textural softening [J]. Journal of the Science of
Agriculture, 2006, 86(5): 713-721
BE2,HAEE G5 5T B A 25 1
i B (R RS 9] IRAR £ FHEE, 2014, 30(4):279-285
HONG Xue-zhen, WEI Zhen-bo, HAI Zheng, et al.
Application of electroni

A

ose and neural-network in beef

freshness detection [J dern Food Science and
Technology, 2014, 30(4): 279-2
it é@@@ﬁgﬁ%a%% T E T B U
[ AR i FH,2014,30(7):298-305

QIAO Yan-xia, LI Zhi-xi;JIN Yu-hong, et al. Monitoring the
vinegar aging/based on electronic nose [J]. Modern Food
Science and Technology, 2014, 30(7): 298-305

PR, el RS, 55 HL T B 45 B GC-MIS KB A 4
o I B B PR R T I AR A [3]. IRAR fr R, 2015,
10: 51

CHEN Chen, LU Xiao-xiang, ZHANG Peng, et al.

Determination of shelf quality after storage of muscat grape

[7]

(8]

9]

(10]

[11]

[12]

[13]

[14]

by electronic nose combined with GS-MS [J]. Modern Food
Science and Technology, 2015, 10: 51

R MG, R B, A BT T B R G K AR R WO 72
FALTTE[I] AL THE2%4R,2012,28(6):264-268

HUI Guo-hua, LI Peng, WU Yu-ling, et al. Characterization
method of fruit decay procedure using electronic nose system
[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(6): 264
-268 | 4
JETIOR, AR F T FL 7 S 5 5 S oA FRE L D R [ PFAAY 1
A FE[I]. A b AR 541,2005,21(4):113-117

ZHOU Yi-bin, WANG Jun. Evaluation of maturity and shelf
life of tomato usi

an electronic nose [J]. Transactions of the
icultural Engine (Transactions of
the CSAE);2005, 21(4): 113-117

Chinese Society of

XU, TR RK, R, 5 P B G U X 25 08 4 i e P AR A,
[0 A= Mk T F2241%:2010,26(4):317-321

LIU Ming, PAN Lei-ging, TU Kang, et al. Determination of
egg freshness during shelf life with electronic nose [J].

Transacti of the Chinese Society of Agricultural
Engineering nsactions of the CSAE), 2010, 26(4): 317-
321

JE 2T A R ) O, A B 1 SR R SR R 5
[9]. £ i FH4,2010,16:247-252

TANG Hui-zhou, MING Jian, CHENG Yue-jiao, et al. Effect
of degree of maturity on the volatile composition of mango
fruits [J]. Food Science, 2010, 16: 247-252

Lebrun M, A Plotto, K Goodner, et al. discrimination of
mango fruit maturity by volatiles using the electronic nose
and gas chromatography [J]. Postharvest Biology and
Technology, 2008, 48(1): 122-131
Kobiler I, Y Shalom, | Roth, Effect of 2,

4-Dichlorophenoxyacetic acid on the incidence of side and

et al

stem end rots in mango fruits [J]. Postharvest Biology and
Technology, 2001, 23(1): 23-32

Shorter A, D Joyce. Effect of partial pressure infiltration of
calcium into ‘Kensington’ mango fruit [J]. Animal Production
Science, 1998, 38(3): 287-294

Jha S, S Chopra, A Kingsly. Modeling of color values for
nondestructive evaluation of maturity of mango [J]. Journal
of Food Engineering, 2007, 78(1): 22-26



	2  结果与讨论
	3  结论

