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RESEARCH OF MANGO MATURITY BASED ON ULTRASONIC METHOD
ABSTRACT

Mango is a tropical fruits of very high vitamin content, and it is very popular in the
international market. Mango is also the special fruit product of Guangxi Zhuang Autonomous
Region. However, China's sales of fresh mango and used for domestic and export volume is
smaller than many other countries. Fruit quality due to the backward methods, the majority
still rely on manual identification of sensory experience, resulting in the quality of China's
exports of good and bad fruits, sizes, lack of competitiveness in the international market.
Compared to the manual detection method which is low efficiency and have large errors, the
ultrasonic non-destructive detection technology can test the quality of internal pulp, since it is
more fast and accurate, moreover it has a comprehensive information and low cost.

The ultrasonic non-destructive detecting platform is made up of the ultrasonic generator, -
filter, ultrasonic transducer, the signal conversion device of the signal acquisition and a
computer which has installed the software of virtual oscilloscope.

The ultrasonic goes through the center of the mango pulp by the probe; on the other side,
the ultrasonic receiver collects the ultrasonic and converts it into the electrical signal; the
signal gets through the Maxim’s Max262 filter and the AEDK signal acquisition system; at
last, the LCALABACT virtual oscilloscope software receives the signal and displays the
signal attenuation.

In this paper, 100 Dashehari mangos have been selected from the same orchard during the
same period, at the 22 ~ 23 ° C room temperature, for 96 to 480 hours. Every time 10 mangos
are chosen randomly for ultrasonic testing, and then be sent to the agricultural college for
firmness, soluble sugar content and acidity tests at intervals of 24 hours.

These data of detection used for static analysis of the major mango physiological
characteristics and the relationship between the ultrasonic parameters. Ultrasonic attenuation
of the test results with the same source of sugar mango and a solid acid test results were
compared to establish the description equation of the relationship between the ultrasonic
attenuation - firmness and attenuation - physiological characteristics. With these equations,
the soluble sugar content of mango and acidity of batch mangos can be easily calculated, and

the mango’s ripe progress can be watched over, and then the storage period of mango could

II



be predicted by testing the attenuation through the ultrasonic detection technology.

KEY WORDS: non-destructive testing; ultrasonic; wave attenuation; mango;

maturity; firmness; sugar content; acidity
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Fig 2-1 the flow chart of ultrasonic detecting plateform
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Fig 2-2 the Ultrasonic power source and the probes used in this experiment
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Fig 2-5 the MAX262 filter circuit used in this experiment
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Fig 3-7 the waveform when idle loaded in water  Fig 3-8 the waveform when idle loaded in water
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Fig 3-1 the structural diagram of mango
a-the shape b-the sheer c-the seed
1-the stem 2-the peel 3-the pulp 4-the fiber 5-the seed-case 6-the kernel
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Fig 3-2 the waveform when gothrough the mango in air
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B 3-3 Fifi/F 96 /iR A EET 950 3 3-4 XififF 360 BYFE2 BB SN
Fig 3-3 appearance of mango when 96 hours Fig 3-4 appearance of mango when 360 hours
post-harvest post-harvest

B 3-5 RiiifF 380 /NI EBIFES RY SR B 3-6 Xifif5 480 /NF T2 MEIRRT RSN
Fig 3-5 appearance of mango when 380 hours  Fig 3-6 appearance of mango when 480 hours
post-harvest post-harvest
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Fig 3-7 the section plan of mango when 96 hours Fig 3-8 the section plan of mango when 480 hours
post-harvest post-harvest
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Fig 4-1 the waveform when idle loaded in water
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Fig 4-2 the waveform when 96 hours Fig 4-3 the waveform when 120 hours
post-harvest post-harvest
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Fig 4-4 the waveform when 96 hours Fig 4-6 the waveform when 168 hours
post-harvest post-harvest

ALLLAALL,

[ENSRREAARTINNTAN

SRASEENE
it

B 4-6 Fi{E 216 B R 4-7 EifE 240 MR
Fig 4-6 the waveform when 216 hours Fig 4-7 the waveform when 240 hours
post-harvest post-harvest
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Fig 4-8 the waveform when 264 hours Fig 4-9 the waveform when 288 hours
post-harvest post-harvest
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4-11 R/ 336 MBI
Fig 4-10 the waveform when 312 hours Fig 4-11 the waveform when 336 hours
post-harvest post-harvest
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Fig 4-12 the waveform when 360 hours Fig 5-13 the waveform when 384 hours
post-harvest post-harvest
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Fig 4-14 the waveform when 408 hours Fig 4-15 the waveform when 432 hours
post-harvest b post-harvest
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Fig 4-16 the waveform when 456 hours Fig 4-17 the waveform when 480 hours
post-harvest post-harvest
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% 41 EREKBME (96 /NFE 360 /M) HBEERRE, BAE BREZSROHTL
Tab 4-1 table of the parameters of mango including the attenuation, TSS and acidity in stage of

maturity

WOk Ja B

9 120 | 144 | 168 | 216 | 240 | 264 | 288 | 312 | 336 | 360
Al T (h)

38. 38. 38. 38. 38. 38. 38. 37. 37. 37. 37.
HE (N)

73 64 64 61 22 19 10 92 35 34 34
_ 2. 1. 1. 1. 1. 1. 1. 3. 0. 2. 1.
FRiEE

16 73 | 98 68 39 35 21 12 76 33 71

ZFWEKA| O 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
(dB/mm) | 881 | 062 | 154 | 181 | 284 | 350 | 408 | 447 | 526 | 638 | 752

PRiEE
14 | 121 | 061 | 056 | 036 | 034 | 066 | 083 | 090 | 090 | 082

UZsRFFR | 110. | 105. | 95. | 83. | 77. | 71. | 67. | 62. | 58. | 56. | 52.

(ND 7 6 4 2 5 2 1 3 9 3 7
. 8 10. | 15. ] 10. | 12. | 14. | 12 7 10 9 11
rEE
8 4 9 2 3 6 2 3 7 2
Al b
SRS 5. 5. 6. 6. 7. 8. 9. 9. 10. | 12. | 13
(%Tss) | 588 | 797 | 623 | 957 | 535 262 | 048 | 884 | 841 | 415 | 578
. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
rEE .
068 | 087 | 086 | 314 | 321 | 219 | 362 | 302 | 362 | 576 | 645
3 3 3 2 2 1. 1 1 0 0 0
g H(%)
975 | 376 | 030 | 798 | 275 | 974 | 711 | 249 | 963 | 802 | 672
. 0 0 0 0 0 0. 0 0 0 0 0
brvEE

063 | 138 | 087 | 096 | 175 | 078 | 072 | 055 | 045 | 105 | 071
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TTERSM AW AFAR T RO T RA RS MF R

A, =A™ 6}
AP, 4 ARPTEREERIE: 4, APRUER, KPFENHRE: o hBRM
B o AEBAEE, FARANMAMEBRARRARRL; JAME (B8 .
MEREERa B3 NFELHHK, B
a=af +bf* +cf* )
Xp, fHBEMEMHz);
a R BEERER AL, S5MEMN 1 KFRIEW;
b RRN TR S RERHRIBRE, S5HEN 2 KFKIEL:
c RN RA B AR A BRI R L, SHER 4 KT RIEL.
HTERABSEGFHFERZRMRIEL, HRFHHE TR KT R AR
FERENER. ELFEHIELE P, RFA (D RTHEHT. ARK 41 TEH,
HE A BRI RA 96 /N 0.88db/mm K B R BES 9 1.752db/mm; T MR A 4-2 TTE
W, ERABER, FRNABKT —BEE, MBTFERRASEERNARRS MR
&, EHREFEEMZERERAENRD . X—FRBETEMOTAERANAR, B
RSB & F R K,

F4-2 TREBIFMER (360 /ME1E 480 /B KIBEETR, BASY, BEZSHHTH
Tab 4-2 table of the parameters of mango such as attenuation, TSS and acidity in stage of rot

WK ERSIRl T (h) 384 408 432 456 480
qEE N 3721 | 37.13 | 37.09 | 36.51 | 36.02
bz 1.53 2.01 225 1.96 0.93
FWMAKA (dB/mm) | 1.984 | 2.125 | 2233 | 2236 | 1.882
FRUMEE 0.147 | 0.131 | 0.187 | 0.165 | 0.382
IRSZRE FR (N) 49.0 45.1 41.2 343 | 21.83
PRAEE 13.1 10.3 8.6 11.7 10.3
AIEHERES R S (%TSS) 14.757 | 15.127 | 14.243 | 12.715 | 10.805
PrfEZE 0.839 | 0997 | 1522 | 2.012 | 1.24
BMEH (%) 0.609 | 0.612 | 0.623 | 0.727 | 0.869
PRUEE 0.054 | 0.048 | 0.049 | 0.027 | 0.086
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43 ERERSHNE L MENEEE

RIBRRK 4-1 F 42 WEELHEA KRR, TREEE. BASTYMRZRERNE
Bl hgk, HFEHBERE. KPS S BRiRE 5 M ERMTFIHE. EHEELNKEER
HEEXE.

WRIEBIE A A R s, WU A B/ ek st T R, HEERUSTTE,
ERFERTELRBEESR, &RICKHT Matlab B polyfit REBGHITEERIALE. Fin,
MRERVEHEWT: xjabedef; yuvwxyz

) H #:7E Matlab FHIA :

x=[a,b,c,d,e.f]

y=[u,v,w,x,y,z]

polyfittxy,1) /A 1 HEAETHRMKE, FEXEERIRETR y=axtb

BIET 73 a F0 b B9 MINIEFZIRMOMIK, BIRHRAREFHERE. HXRH
MEE 1, WETRBARERTERENZ L. BRL, 20T HsEs.

4.3.1 BERFEMEEE L%

MIE 4-18 FIFE H, 7ERBART BB S I 2 E S A RIFE —— XX R,
BRI FRATT AT LAE 1 0 3 93 R T = SR 1 ik 5S4 PR

ERBHE, EROTRERAESR, BEEXERAD, MERKME, HTERD
RIRIRHHEARR, FRFERERAN K R b TRERS], BIRHBR I ESIER
b, NEUATHASFTERNERER, B TFATBEMERFTS, SHERERE
HERENXARK. FERA IR E X R, BANRFEREAERESE.

B 4-19 B8 THERE 25~27° C ZR TR BK S AZRENL. BT RESHR
KPARFEM AN, BRI ELT, 9 A HFRRE (db/mm) , T HEE h) :

/R 4=0.7914¢""%T; R = 0.9543

SHER: 4=0.5668InT —1.705;R*> =0.9491

BER: 4=0.1191T°*7;R* =0.9676

£MRR: 4=0.0028T +0.683;R* =0.9712

TIRER: 4=8x10"T? +0.0025T +0.7176;R* =0.9716

AEH, ZREWAERETE R ERAHXRE T EEHERARAIMNE .
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Fig 4-18 the average ultrasonic attenuation A (in dB/mm) in mango; time is 96 to 480 hours
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Fig 4-19 the average ultrasonic attenuation A (in dB/mm) in mango; time is 96 to 360 hours
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Fig 4-20 the averaged firmness FR (in newtons), time is taken from 96 hours to 480 hours
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Fig 4-21 firmness FR (in newtons) vs NDT ultrasonic attenuation A (in dB/mm), time is 96 to 480 hours
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Fig 4-22 firmness FR (in newtons) vs NDT ultrasonic attenuation A (in dB/mm), time is 96 to 360 hours
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e TERATETRIM BT, REEHFER RN, BRERAER D HREES. 1
— 37 2

ERBNE, ERNELESTFRAKE——HWMENRR, EIRELTXNAR
MR, BRMNEMT, P A BFRELK (db/mm) , FR ABEE (N) .

#BOER: FR=270.45¢"%4;R* = 0.9561

SHER: FR=-97.01ln4+102.71;R* = 0.9473

BERR: FR=103.7147"%;R* =0.9518

& wR: FR=-752034+176.8;R* =0.9322

ZIRFR: FR=412594> —184.394 + 246.56; R’ = 0.9535

=% R: FR=181.154% —673.674% +731.44-133.25;R* = 0.9773

BB, BTFHEERISEH, FHEA=ZRETERMEZR A (db/mm) FE
LR R (N) ZHMEBER, A RERBREFIHRNE. B ERGTEN:

FR=181.154% - 673.674% +731.44-133.25 )

FEHEG)PRE B A S5, B UURE XA RN & AR, Mt
Mt ETRRRLE.

38



IFEXRXSWM S Ue X EFRFEFRHTSRABRBEENHFR

4.33 PEBREZRERT R T 1L A ih 2k

R FAR B FE20R fwt (8] 65 M AL

18 -

16 - -
14 - ?2%jf§¥\

12 -

N
v o

& o

} \ 4

10

8 el FILE ;3
—a— 6B

(Vw2 ma

0 100 200 300 400 500 600
BE (h)

B 4-23 ERAAEMBRATYIEFRERE TSR, FEBER M 96 /IEd 2 480 /vt
Fig 4-23 the averaged sugar contents S (in % TSS) and acidity H (in %) values of 80 vs storage time T
(in hours), time is 96 to 480 hours
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Fig 4-24 the averaged sugar contents S (in % TSS) and acidity H (in %) values of 80 vs storage time T
(in hours), time is 96 to 360 hours

B 4-24 BIR T AN BT REA B YRR ERER R AREE R &%
RBEVKRRAXN LT, Hb S AEAEY (%TSS) , T AETE (h) -

BB R: S =3.9453¢""T;R? =0.9811

SEFR: S=5.5287InT —-20.872; R = 0.8456

BRR: §=0.2624T°%; R? =0.9212

ZHHR: S =0.0286T +2.1535;R* = 0.9393

ZWHEAR: §=10"T?-0.0147T +6.3614; R* =0.9922

MBRESHEXZRNESHRAERWOT, HPHARE (%TSS) -

BB A: H =82674¢°"";R* =0.9645

¥R H=-2499InT +15.475;R> =0.982

BHRX: H=1850.1T""*%;R? = 0.8859
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Fig 4-25 the averaged sugar contents S (in % TSS) and acidity H (in %) values vs NDT ultrasonic

attenuation A (in dB/mm), time is 96 to 480 hours
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Fig 4-26 the averaged sugar contents S {in % TSS) and acidity H (in %) values vs NDT ultrasonic
attenuation A (in dB/mm), time is 96 to 480 hours
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