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Development of Prediction Models for Nondestructive Measurement of Sugar
Content in Sweet Persimmon

J.R Son K J. Lee S, Kang

Abstract

G. Kim

G. M. Yang C.Y Mo Y. Seo

This study was performed to develop a nondestructive determination technology for sugar content in sweet persimmons,
and the main research results included the following. In order to determine sugar content in sweet persimmons, a dual side
reflex was adopted, and the study was to measure sugar content using a reflectance spectrum for 2 parts because it was
difficult to determine representative sugar content due to a great deviation in sugar content according to the part of sweet
persimmons. To predict sugar contents of sweet persimmon, PLSR and PCR models were compared with a few preprocess
methods. As a result, PLSR had R’=0.67, SEP=0.42 brix, LV=11, and PCR had R’=0.65, SEP=0.41 brix, PC=16. SNV
method was the best among preprocess methods for predicting sugar contents.

Keywords : Sweet persimmon, Sugar content, Partial least squares(PLS) regression, Principal component regression(PCR),
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Table 1 Samples for the various test conditions
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Fig. 1 Reflectance sugar measurement tool.

Test conditions Samples (number) Spe(cr:ltru;lnrgegata Dlsz.g);:z:l (grfl;)u gar Producing district
Light 5.5, 6.5, 7.5A 100 200 13.0~16.6 Munsan
intensity | 7.5, 8.0, 8.5A 150 300 12.8~16.9 Munsan
Conveying speed 110 220 12.0~16.7 Sanchung
Scan area 200 400 11.7~16.3 Munsan
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regression), PCR(principle component regression)e] 3|73
A3 AREEI © 1, SNV(standard normal variate), MSC(mean
scattering correction), 1st Derivative, OSC(orthogonal signal
correction), Detrending, Savitzky-Golay Smoothing 2] &
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o] ot W, f71E2] F5ubguiele] A wA Z4s}
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3 AA B ghs ARt €)% o8 24Q] PRESS(prediction
residual error sum of squares)= t}S-3 o] 18 4= Qi)
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=1

where, m is total samples used calibration, G is predicted
sugar content value, and C] is actual sugar content

value used calibration i™ while Cross- validation
procedure.

G A8 wA} AFER = 23347 27 1: 2007)
Z 13370, 27 2 : 3007) 2 2007)E 22 calibration®]]
AR, VA 13(FA17) 27 12 20070 5 6770, 27
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where, y;, is predicted sugar content value from
experimental system, and y, is actual sugar

content value by wusing refractometer, and
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Sugar content according to part, Brix
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Sugar content of all part, Brix

Fig. 2 Correlation between mean sugar in surface of sweet persimmon
and each piece of sweet persimmon.
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29 geoj=ey syl got 97

©1-3 part O2-4 part

17
R=0097 R=0.97 m‘g
16 ;

Sugar content according to part, Brix

Sugar content of all part, Brix

Fig. 3 Correlation between mean sugar in surface of sweet persimmon
and two pieces of sweet persimmon.

2) ZHYM Aol mE YTEYX}

TAHYM Aol mE dERY AT A1HE AN A
© 1% 4 Y 59} o] vepith # AEAA9 2494 7
5 5 A7 A% tHAmpere) 0 & UERH, 5.5 A, 6.5
A, 75 A(Fig. 48} 7o) 3 0% AP A3 A
FAZN7E 7F ok 5.5 ASlME 0.54 brix(SEP)o|QoH
6.5 A°lXE 0.48 brix(SEP), 7.5 Adl|A}:= 0.43 brix(SEP) 2
A B VS dRRy eapl WA yehki= A
& ¢ 5 ATk

I8 5E FAVIE U T7HA Fuwel At 34
719 SAIE At ik AEA 7.5 AN b g%
g A7 vepskont, 1 o] FA) oM ZH 9 7
7t VS 9ERA 23 RA Jeh =S gdoln
32} FEE 7.5 AdlE G QKSEP)7} 0.45 brix
o]0, 8.0AAE= 0.47 brix, 8.5A%A= 0.45 brix® 1}
ERt 7.5 A o) elM e BA7le] whe Gy et U
Hehdtia 94s7] ol £ ARFAX N 3A FA7)
75 AQl Aoz wdEich

0.6
0.55

0.5 -\

0.45 \-\

\

SEP, brix

0.4

5 5.5 6 6.5 7 7.5 8

Light source, Ampere

Fig. 4 Correlation between light source intensity (5.5~7.5 Ampere)
and SEP.
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Fig 5. Correlation between light source intensity (7.5~8.5 Ampere)
and SEP.

3) Ola&m0 mE YEY MY

¥ 2 o]$4 o w2 grwy AAE Agol o
£ 450 mm/s$} 600 mmy/s 9] 2 $E0Z 319 o
< ol 9 9x7} 150 mm 7|Fo8 27 3 TN, 4 JW
%9 AHPdeel g o)tk

O1F& T}t /M E gy S (SEP)= 0.43 brix
oA 0.45 brixE o7} ol F o AgAoE= 2 A} 9l
T A0E et & 3~4 JN/x9 olE&EdM dEd

ol 7Fsde & = STk

Table 2 Correlation between conveyer speed and SEP

Conveying speed Measurement error Cup per second
(mm/s) (SEP) (pitch : 150 mm)

450 0.43 brix 3 EA/s

600 0.45 brix 4 EA/s

5) AHHM(ZHQIM ZAIHA) WE YTEY FET

AL AP W Y APES A A
¥ 33} go] AAA 32x50 mmofA M %535 At
UeRtTh AR ] AL 3404 9] Integral timeS =&
Asto] A8ty AAA 0] Ztod AlRS] FE JHE
FE3] @& 7 U] wWE A=) HolR= A0 et
o, UF I9 ARS Z7)7F YAA 7] wiEed 3=
ARE o= A7t HAE ] wiiolh

Table 3 Correlation between scan area and SEP

Scan area Measurement error
(widthxheight) (SEP) sﬁm\a—
16x50 mm 0.54 brix
Sams
32x50 mm 0.51 brix
45x50 mm 0.53 brix
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1) PLSRZ 0|25 0| 23 74

G BEE St P 2 WAV AAE 2
g Fohy7] fate] HAAGIHAE o] 831 oS 2dg
W A3 F 49pdo] Uehgth FATE AlES 2 O
o] A AAlEREY 1 A= 55, 65, 7.5 A2 3 &
o= 3tk o] AL FA} 55 AdAE R=057,
SEP=0.48 brix°]g o1} 7.5 AojA: R’=0.70, SEP=0.44
brix2 UER FA7)7 S718E dewd 2 2HSEP)7F
WA velstth $HE, FA7IE B9 S7MAIAAN 2 @A)
7.5 A o)AM Q) Beghy AsS slolakiat 7.5, 8.0, 8.5 A
9 3 FFo 7 AL 7.5 AdAE= R*=0.67, SEP=0.42
brix, LV=117]2 Jel} 8.0 AoA 2] R*=0.63, SEP=0.43

I'-E

i

J. of Biosystems Eng. Vol. 34, No. 3.

brix 2! 8.5 AcjA]2] R*=0.53, SEP=0.45 brix 5ol H]3) 7}
Al VERTE

2) PCR_?_ 0|_9_%|- %H: 01|$ E%‘ Hl:ll-

¥ 5 PCRE 0|83l d&EHITs E43% ZAxo|th
PLSROMS} ol 2 @Al AA Al sk A7) 5.5
AoJME= R™=0.57, SEP=0.52 brix¢] ¥Hd, 6.5 Ad|H=
R?=0.60, SEP=0.44 brixo|9ol}, 7.5 AolAl= R™=0.64,
SEP=0.42 brix24 FA7)7} 271342 Gy 9}
FoatA UeRdth 3 2 TAIQL 7.5 Ao dellM s FAY]
7} S7VEE 9wy o] Folxle Ao FHsHAt
oko o o} 2= 9lair} SNVZ A3t 7.5 AdA R™=065,
SEP=0.41 brix, PC=16% 7} £& A7%= w4k

Table 4 Prediction result of validation using on PLSR with a few preprocesses

Lig.h.t Value Pre-Process methods
condition SNV MSC Ist D 0sC DT SM" X"
RC’ 0.64 0.72 0.65 0.49 0.63 0.58 0.66
SEC 0.44 0.43 0.46 0.54 045 0.46 043
( :Q;I(?O) RP 0.52 0.44 0.42 028 0.43 0.57 0.48
SEP 0.50 0.62 0.57 0.56 0.56 0.48 0.57
LV 10 10 9 8 10 10 9

RC? 0.68 0.73 0.65 0.54 0.65 0.75 0.69
SEC 0.44 0.37 0.45 0.53 0.43 041 0.43
1% test (ni;g()) RP 0.57 0.53 0.59 0.66 0.52 0.60 0.63
SEP 0.47 0.53 0.4 0.46 0.52 0.46 0.56

LV 9 8 10 10 10 11 10
RC? 0.84 0.81 0.81 0.63 0.81 0.79 0.80
SEC 0.32 0.34 0.34 0.46 0.33 0.34 0.35
(1172'2‘30) RP? 0.54 0.58 0.70 0.70 0.65 0.61 0.63
SEP 0.52 0.47 0.46 0.44 047 0.44 0.45

LV 13 13 12 12 12 16 13
RC 0.76 0.73 0.71 0.64 0.71 0.74 0.71
SEC 037 0.38 038 0.46 0.41 0.37 0.39
(n7¥§130) RP? 0.67 0.63 0.57 0.54 0.56 0.55 057
SEP 0.42 0.41 0.46 0.47 0.52 0.49 0.44

LV 11 11 12 10 13 13 11
RC? 0.70 0.70 0.72 0.60 0.63 0.69 0.69
SEC 0.41 0.40 0.41 0.47 045 0.42 0.41
2" test (nigl(?O) RP’ 0.63 0.60 0.58 0.59 0.54 0.61 0.55
SEP 0.43 0.47 0.50 043 0.46 0.43 0.47

LV 10 9 12 10 11 12 11
RC 0.75 0.69 0.70 0.71 0.71 0.68 0.71
SEC 0.37 0.40 0.40 034 0.34 0.41 0.41
(ni';’go) RP 0.56 0.54 0.56 0.53 0.56 0.60 0.53
SEP 0.46 0.48 0.47 0.45 0.49 0.47 0.50

LV 13 12 14 12 13 12 13

% SM’ : smoothing, X : no-preprocess
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Table 5 Prediction result of validation using on PCR with a few preprocesses

Light Value Pre-Process methods

condition SNV MSC Ist D 0SC DT SM’ X"
RC? 0.53 0.60 0.47 0.50 0.55 0.61 0.55
SEC 0.54 0.52 0.57 0.56 0.53 0.49 0.53
(nizgo) RP’ 0.51 0.39 0.51 0.57 0.28 0.33 0.41
SEP 0.61 0.58 0.57 0.57 0.62 0.52 0.57

PC 19 20 20 14 19 14 15
RC? 0.69 0.68 0.68 0.61 0.65 0.63 0.63
SEC 0.47 0.45 0.46 0.51 0.49 0.45 0.45
1" test (niggm RP? 0.52 0.60 0.52 0.57 0.51 0.55 0.49
SEP 0.54 0.44 0.55 0.56 0.53 0.48 0.51

PC 28 20 27 19 22 16 17
RC? 0.70 0.72 0.70 0.71 0.74 0.73 0.76
SEC 0.40 0.43 0.42 0.42 0.44 0.41 0.41
(n7=;‘(?0) RP’ 0.60 0.64 0.66 0.64 0.67 0.62 0.69
SEP 0.49 0.43 0.46 0.42 0.44 0.50 0.44

PC 44 26 18 38 21 23 19
RC 0.70 0.71 0.71 0.67 0.68 0.70 0.67
SEC 0.40 0.42 0.40 0.43 0.42 0.40 0.42
(nl'igo) RP’ 0.65 0.64 0.51 0.63 0.64 0.56 0.62
SEP 0.41 0.42 0.50 0.45 0.50 0.51 0.47

PC 16 25 2 17 20 17 18
RC 0.71 0.72 0.69 0.60 0.68 0.71 0.71
SEC 0.40 0.39 0.43 0.45 0.42 0.39 0.40
2" test (ni(s)gm RP’ 0.60 0.51 0.47 0.52 0.45 0.67 0.56
SEP 0.45 0.50 0.52 0.46 0.54 0.41 0.48

PC 25 23 20 19 17 15 13
RC’ 0.64 0.70 0.68 0.64 0.66 0.63 0.70
SEC 0.42 0.39 0.42 0.44 0.44 0.42 0.41

8.5A

(B=300) RP’ 0.47 0.53 0.65 0.58 0.62 0.50 0.56
SEP 0.51 0.53 0.43 0.51 0.45 0.50 0.50

PC 2 17 25 15 16 17 17

¥ SM - smoothing, X" NO-preprocess

4. 2 9 IE

2 AFE 7ol s
o FE 58 ALE B P Wb S ARgEg o

2% 370450 mm/s) = 2F 470600
mn/s)E Al & A AR, o]k 7)E WA
4 PR 59 olEEEG fA SR 84S
AR Aol B9, THAAAHEGS] T¥ ool
=8 AAS) A3 ofel 7p) AHeZ vlmskea 71 4
Qe A g Ropugkor], YE o5 UL PLSR
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3} PCR 59 HARDE AHg3te] LsigcE F2AT 2
= e 2ok

(1) 279 598 959} 29 AA2) FAgrele] Ad
HAR)E 0.78~0.9002 Ueh} 1 299 FTr}
AAE QA F3plod, 299 FFF5e gt
M3, 79 2 12-4, 5919 gEste] 4AFA=R)E
717} 0973 52 JER nlERE oFZ o] Hytk
L A g 23k S ¢ 7 Ak

Q) 2AIA A5 HE FEwY 5 AlPE AAE
23}, 5.5 AolA= 0.54 brix(SEP)O| o™ 6.5A004]



+ 0.48 brix(SEP), 7.5A¢l|X|= 0.43 brix(SEP)ZA] 3%
717t S7rea=E 3wy et wA b= A
= & T Utk FAVIE G2 S7AA 8.5 ATHA
AEgt A3} o o] el FIEHA ot B A~
HollX= 7.5 A7} AAet A1 Ao E FE Ik

(3) AAE §lo] olFELe e T A 4
OFETTL SR TRy QAHSEP)E 043 brix
oA 045 brix 2 7} wol Hov g3 & A
7} Q= Ao® wehEgIch

@ 249 AR W JFewd 45 A0EE
32x50 mmollM 71¢ Sset At ekt

(5) HAR F=y FES /Pisb] $18le] PLSS} PCR&
o] gsllon, T A4 BTN 7 £ A=
OSC % SNVE AXZE o A-3ck FA7]2 =2
o] 7} 28 7%= 7.5A%1 0 ojuj PLSRE) A=
SNV #xj2]o| A Rc*=0.67, SEP=0.42 brix, LV=112.
2 yehgcth 3, PCRE 79-3= SNV Az oA
Rp’=0.65, SEP=0.41 brix, PC=162] ZA#}Z B},
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