F2E A7 A A A 22A A23F. pp 247-255. 1997

0

.
g

ral
]

FER A0 BT - ME

[

g5 0|8

u

=& A

Nondestructive Measurement of Sugar - Acid Contents in
Fruits Using Spectral Reflectance
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S. H. Noh W. G. Kim J. W, Lee

ABSTRACT

This study was conducted to develop regression models predicting sugar and acid contents in intact fruits
nondestructively by using the second derivative of absorbance spectrum measured with a spectrophotometer
wavelength range of 400nm to 2,400nm.

The correlation analysis was made in the wavelength range of 600nm to 1,100nm and 600nm to 2,400nm
respectively, in order to examine the feasibility of using a real time spectrophotometer, which covers the former
range, in predicting sugar and acid contents.

The second derivative data of the spectrum were obtained by varying smoothing size and derivative size of the
original absorbance spectrum. SAS statistical package program was used for the regression analysis.

The sugar contents of Fuji apple, Shingo pear and Yumyung peach could be predicted with SEPs of 0.40, 1.17
and 0.77 respectively, in the spectrum range of 600 to 1,100nm. The highest correlation coefficient of the titratible
acidity of apple was —0.45 at 2,346nm and r>gression models indicated determination coefficient less than 0.47.

F2.89] (Key Words): 3= (sugar content), A% (acid content), A}3}(apple), vl( pear), E % oHpeach), & Fr}
AHK(spectral reflectance), 23} 0] 2 A 2 E 3 (2nd derivative spectrum)
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Table 1 Calibration and prediction sample sets of fruits selected for multilinear regression

analysis
Sugar content (Brix value) Acidity (% malic acide)
Items No. of data Sugar content range(%) No. of data Acid content range(%)
Calibration | Prediction | Calibration | Prediction | Calibration | Prediction | Calibration | Prediction
set set set set set set set
Apple 84 84 10.4~182 | 10.6~18.7 42 42 0.29 ~0.50 { 0.30~0.53
Pear 42 42 94~16.5 | 10 ~16.6 39 39 0.045~0.061 | 0.06~0.064
Peach 52 52 8.7~15.8 9.0~16.2 - - - -
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Table 2 Acid content of fruits

(mg/100g)
acid
Malic Tartaric | Fumalic Citric
fruits
Apple 289.6 6.8 1.1 9.9
Peach 137.0 3.6 5.8 116.6
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Fig. 1 D4og(1/R) and log(1/R) spectra of crystalline fructose in the spectrum range of 600~

1,100nm.
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Fig. 2 D%og(1/R) and log(1/R) spectra of crystalline sucrose in the spectrum range of 600~

1,100nm.
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Fig. 3 D3og(1/R) and log(1/R) spectra of crystalline malic acid in the spectrum range of
600~ 1,100nm.
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Fig. 4 Second derivative spectra of three samples having different concentration of fructose in
the spectrum range of 600 ~1,100nm.

—251—~



HFE5A7IATHA A22F A2E 19974 61

o2 F¢ 24nlE ERsd
e 2949 BE} RE5T N2
of &aR 29 F4 72K770, 960, 1,410, 1,910 nm

FEEE e o (ay 4
71 2), FH Y 23 A FEoRdA B
o WZ F3x9 loj= FdFoR BAHA I
ot 2 o]f= ZFT At A3t Fol B g8 F
Fo g8 79 Aoz wegh

L. Bastel nlg 2t
Rk

723 Y SATE

2 4ol B8 2AL 2m, 22 HAL om
£ SHAHOE So] WHA TR 2 HgAA §
FAAEY 234 Rt G- W) FHEHE
3l QUL LU G WA A
o 917 WEe] 58
A a FEE 208 FRRAE 2T,
AT F2Y U FEE 43I 2A

S M2 4 A3 AFT HE FE T
St 42 ADART S 2 8000m 013
o s e Fae) B BAHE A% o

doloz A AT F - ALY FEIPAA
23 o) 2MEYH F -4 TFS ()Y 4
#BAL 2ETH

HALAYAIA JBBA B AP 5

42 Adato] 5§74 et o] Ynkol).
aeu ASE AR2E AEE A A4 23
N B ER I T R S
£ 9A Yehg 5 Utk b, $AR0z 4
BEAZ MY §A SUSE 2R I51E A
A9 §4 B Zold IARLL A5
ol PH oz % B Aoz v
Assh v} 22 wE Hgolnz Boyye 3
W 27} )R AdEYO)A el F5 Age F
Aoz W BA7 23} 0)E BAL ARNAR
N 7 ARe) FRAAEA 23 ol Bk T - 4
Eo}9) ABBAE ZAF L, Baold Fo P&
Aol oz BRAY Y A% F4 FRRAE 3
Aoz FUVAS BAT UL FBALI VR 2
F4e AFHAT. 49 ALE 2R AR ¥
& BRgee U0 B AAHROG #HA
AN A9 gape tas] A7) WEd 49 F4 o
Aol #7)E 44 % £ 3L 2 A2 I
Ao E4g ol

,n\_
L.

r1r

Ch DA Y-NE O3 CHEEF =Y
W
AARHAN 2L SRS FHESS

BASE YA FANAT 4R SYAS
7 EYAL g 2A S FS 24 Azl

Table 3 Absorbance wavelength, smoothing size and gap size indicating the highest correlation
coefficient between the second derivative data of the spectrum of sample fruits and

sugar or acid contents

Fuji apple Shingo pear Yumyung peach
600~1,100 600~2,400 600~1,100 600~2,400 600~2,400 600~2,400
smoothing size 2nm 6nm 4nm 2nm 2nm 4nm
sugar gap size 12nm 12nm 4nm 4nm 4nm &nm
wavelength 902nm 2,270nm 1,210nm 1,182nm 986nm 1,354nm
smoothing size - 14nm - - - -
acid gap size - 20nm - - - -
wavelength - 2,346nm - - - -
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Table 4 The multilinear regression models for the sugar content of fruits

1% S ALEE herd

Wave.
Fruits Regression Equation SEC SEP
Range(nm)
600~1,000 Brix % = 14.858 —0.083L(902)* +1.053L(872)+0.179L 0.38 0.40
(952)
Fuji apple
600~2,400 Brix % = 16.101 —0.046L(2270)+0.178L(952)+0.929L 0.40 0.35
(874)—0.087L(2194)
600~1,100 Brix % = 8.381 — 3.926L.(904)+7.733L (878)+0.255L 0.65 1.17
(666)
Shingo pear
600~2,400 Brix % = 10.828 —3.759L(1210) ~2.174L(1738) —1.027L 0.49 0.81
(2278)—1.666L(1110)
600~1,100 Brix % = 5.777~2.061L(986)+5.465L(882) +3.646L(876) 0.62 0.77
Yumyung —0.748L(958)
peach 600~2,400 Brix % = 4.210—0.578L(1354)+0.716L(1676)+0.685L 0.60 0.83
(1758)—0.125L(1676)
*L(A) =& log{l/R(A)}
20 —mm—MmmMm—————r———r— 20 mm——r— T
19 Feaeehdeahadeaiago a3 19 Fommbeadeabod ot oot gr? ]
(L i S it bl sl Sty (L R S S R S e Al
A R A R -
é 16 ---I--l---l_-l---l--l- ' T é 16 -_-|__I--_I--I———I—-n .I.--I--.I---
I R LA o R A
- 14 e el afiadie Rl £ + >, + 2int milaih Sl miinth Safie haii — 14 't Sl st Rl i) Suliath Shafg hataal i hathalh My
Z 1 1] 1] 0| ol 1 1 ] 1 1 Z 1 ] 1 1 ] 1 1 ] )
BT T SR R
12 oo O -t 12 Fone b g5
11 ___19_ I__IL_ 11 ___jl_ e?j_l 1 f i .1 1 f
4 3 _L_lr=0.98 SEC=0.38 L |SEP=O.4O Blas=—0412|_
10 » |—-|--_l——l-_ 10 .-I--l---l--I T T T T T 1
Y < N N N Y Y SO SO T S oY o T T S T S ST S W
9 10 11 12 13 14 15 16 17 18 19 20 9 1011 1213 14 15 16 17 18 19 20
Actual Brix Actual Brix

Fig. 5 The regression model for the sugar content of Fuji apple in the range of 600~ 1,100nm.
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Fig. 6 The regression model for the sugar content of Fuji apple in the range of 600 ~2,400nm.

Wlol thet AE &7 @3k AR WS 0.045
~0064g/100mIZ. ek} metA TS FAE
BAYQ 2HIY RFRAYORE MY HE &
27b5 8 20z Vs 24N A7
ol galne FANT BaH HARDE
PEstsdch 2o SYASE I S W 2
A%E 0472 oi$ Wokth ol el @ ke AL
% 5 7HAE 44T F Atk 2, N12E 2
Jse 2AYQL A nN U
4mm FE s, A5 53 AQNE 33
AEH] Ga# e HFE 3537 99 ol
BT 4 $71% 2m AEE Aoated Agaal]
o] £3E AEE F¥ 29=y 53 29
REGE 48 F Atk BA, Aol FRY BL
9 03% FER oh$ ulol@ Foly] Mol A
o mE FFE Aols} v)e) @ Ao YLt

A7) %o] ThE Abshel] thal LD HALDe
A8 7l54e Fotws] As) FxolM B4 Abst
AR 1074E ol g8l B 4M4E oz AR
gk 9= dolE JlsE 9loln FEB WAL
129~193 Brix %13t 24 ZA} SEP/} 600~
1,100nm, 600~ 2,400nmoA] ztz} 091, 0.84% AJAH
A7 g NRY A DANE 2 4% 23}
g 2o} F90k

rlo

A
LI

2ofood 2 0o
2

B Q7E §% A9EY 23 nBZE o 48
o HA9 F- A4S HHHAoR Y £ U=
HARDE ALe7] g8 FA= U 600~1,100
nm¢} 600~2,400nme] 5 sPgdoz Yrm 7+
dedolN s A3 ol HAS WA EA
A49 2dg Rz Atk o4 AHE Qo
s e ok

() Bgs} 223} 0|2 B2o] AASS Fust
23 DB ABBAE Fase AFE 1Y
on A7 BAL 2 HA9 FH B4 B
o we 24 vepi.

(2) 600~1,100nme] HhAo] ] FEo) g 7
% % % Ao ATEA)F R*=096, SEP=
0.4 Brix %, uj(21)7} R?=0.88, SEP=1.17 Brix %,
B2ol(52)7} R*=0.84, SEP=0.77 Brix %0] ] t}.

(3) 600~2,400nme] TR o) FEo] st 7
3 FE A% Ans AWEFAF R=097,
SEP=0.35 Brix %, ®(4l12)7} R*=0.93, SEP=0.81
Brix %, 2 40H($2)7} R?=0.85, SEP=0.83 Brix %o}
st

@) Ao ARAESY FFAAEHS 23} v)R
&7 AR e ABASE 23460mo]A —045
FEZ U9 Wool, Ay FANY ARAF

—254—



E A SY2 0l BY 32 HA W T AE 53

€ 04724 4% 32 27158 202 g5l

L x24st 5. 1996, SU4 FQ AAF CA 37

AR71e 4 wiHsl F AP L sl
N FAATRLAYRTA.

CZHAF 9 29 1994, FTA ) FAZA] Y
o} 2A9 RFBAYY S8, BT ET8 3
2} 26(6).

L ENEE b 1990 ERAGI & 5 REBHR. #
RO - Vi O F .

—255—-

4. Dull, G. G, R. G. Leffler, G. S. Birth and D. A.

Smittle. 1992. Instrument for nondestructive
measurement of soluble solids in honeydew melons.
Trans. Amer. Soc. Agr. Eng. 35(2):735-737.

. Kawano, S., H. Watanabe and M. Iwamoto. 1992.

Determination of sugar content in intact peaches by
near infrared spectroscopy with fiber optics in
interactance mode. J Jpn. Soc. Hort. Sci. 61(2):445-
451.

. Upchurch, B. L., H. A. Affeldt, W. R. Hruschka, K.

H. Norris, J. A. Throop. 1990. Spectrochotometric
study of bruised on whole, ‘RED DELICIOUS’
apples. Transactions of the ASAE 33(2):585-589.



