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ABSTRACT

A proton magnetic resonance ({H-MR) instrument operated at 20MHz and
equipped with a permanent magnet with a field strength of 0.47T and a pulsed gradient
unit with a pulse field strength of 1.093 T/m was used to investigate the physical
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properties of fructose solution, glucose solution, sucrose solution, orange juice and
grape juice in the range of 0~50°C. The pulse field gradient (PFG) technique was
applied to measure the self-diffusion coefficient, Dw, of samples. The Dy
measurements were correlated with refractometer measurements of soluble solid
content (Brix). Experimental results indicated that Dw increases with decreasing
soluble solid content with good linear correlation (R?2 > 0.99). Linear regression of
the experimental data revealed that the slope and the intercept of regressed equations
of refractometer brix versus Dy increased with increasing temperature. The
differences between the slopes of all regressed equations were within 15% implying
that the slopes of Dy versus refractometer brix were similar. However, when high
estimation accuracy for brix based on self-diffusion coefficient is required,
construction of individual calibration for each carbohydrate solution or fruit juice is
recommended. The experimental results were further analyzed and compared with
three prediction approaches, namely the linear regression at fixed temperature, the
empirical equation and the curvilinear regressed equation. There was no significant
difference between the prediction errors by using the three methods. The average
prediction error using curvilinear regressed equation was less than 0.5°Brix in the
temperatures ranged from 0~50C.

Keywords: Nuclear magnetic resonance, Self-diffusion coefficient, Juices, Soluble
solid content, Brix
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Table 1 Summary of linear regression analyses of self-diffusion coefficients
versus temperature for selected carbohydrate solutions of various

soluble solid contents

, WA . e g
sk Soluble Solid Content M0 T ARG
("Brix) (In(m*/sx10”) « Tx10”) R
. 0 224 0.997
,ég& 10.1 232 0.998
20.3 2.44 0.999
grLllctQSe 30.2 2.64 0.999
olution 37.9 277 0.999
ar gt 0 224 0.997
filid 10.1 225 0.997
202 2.41 0.998
gl?CQSe 29.8 253 0.998
olution 38.7 2.68 0.997
e 0 224 0.997
ff& 103 -2.23 0.996
20.5 -2.33 0.997
sulcrqse 30.4 237 0.996
olution 38.6 2.50 0.995
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Fig.6(a) Self-diffusion coefficients of selected fruc-
tose solutions versus refractometer brix
at different temperatures
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Fig.6(b) Self-diffusion coefficients of selected suc-

rose solutions versus refractometer brix
at different temperatures

5
o 50C 40T v 30T
o 4%, v 20C © 10¢C e 0T
=T
— e
\D\
T, .
—~ 37 e e
4 e T
T~ - - &
o e T o
Eo2r. e Tl e
~— \v\_\wﬁ w\v\v\\ .\r} oo,
I R
[ SN TSR S
s S LSRN S
— M
. Bl ank = O\O\a,
e 4 T,
0 I I I
0 10 20 30
Soluble Solids (°Brix)

BERVER

6(c) TRIEE FRAEFEKARZ R R EFEEE

Fig.6(c) Self-diffusion coefficients of selected glu-

cose solutions versus refractometer brix
at different temperatures
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Table 2 Summary of linear regression analyses of self-diffusion coefficients
versus refractometer brix for selected carbohydrate solutions of vari-

ous soluble solid contents at different temperatures

BA R Dy/°Brix SRR ARB s, s,

S ampl es emperature 12 om . Rz _9' ¢ o <
Q) (10" 'm"/s "Brix) (107m/s) ("Brix)

50 718 0.997 0054 075

R4t 40 -6.02 0997 0037  0.62

KB 30 -4.95 0.996  0.037 075

Fructose 20 -3.93 0995 0031  0.79

Solution 10 -3.00 099 002 073

0 2.13 0.995 0018 085

30 77.46 099 0054 0.72

MEE 40 -6.23 0.996  0.048 077

KIBR 30 -5.03 0.996  0.040  0.80

Glucose 20 -3.98 0.995 0034 085

Solution 10 -3.03 0.995  0.025 083

0 224 0.995  0.020  0.89

50 77.46 0.994 0069 0.3

B 40 -6.20 0995 0055  0.89

R 30 -4.94 0.993 0.049  0.99

Sucrose 20 -3.81 0995 0032  0.84

Solution 10 2.93 0.995  0.02  0.89

0 2.13 0.994  0.020  0.94
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Table 3 Summary of linear regression analyses of self-diffusion coefficients
versus refractometer brix for orange and grape juices of various sol-

uble solid contents at different temperatures

B

A Dy/ “Brix RE {%‘ # s, S,
Samples Temperature 2 o 2 . o
P ©C) (10" 'm’/s “Brix) R (10°m/s) (°Brix)
50 -7.81 0.996 0.043 0.55
*9[’{75‘5 40 -6.07 0.996 0.039 0.64
Rt 30 525 0.996  0.033  0.63
Orange 20 -4.00 0995 0014 035
Juice 10 -2.98 0.995 0.013 0.44
0 2.24 0.995 0.011 0.49
50 -8.12 0.994 0.046 0.57
&) —}fl 40 -6.81 0.995 0.028 041
Rt 30 -5.40 0993  0.030  0.56
Grape 20 -4.32 0995 0017 039
Juice 10 -3.21 0.995 0.013 041
0 -2.44 0.994 0.013 0.53
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Fig.7(a) Self-diffusion coefficients versus refracto-
meter brix of processed orange juices at
different temperatures

B LRI

Fig.7(b) Self-diffusion coefficients versus refracto-
meter brix of processed grape juices at
different temperatures
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Fig.8(a) Self-diffusion coefficients versus refracto-
meter brix of fresh orange juices at differ-
ent temperatures
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Fig.8(b) Self-diffusion coefficients versus refracto-
meter brix of fresh grape juices at different
temperatures
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Fig.9 The curvilinear regressed surface of soluble
solid contents versus self-diffusion coeffi-
cient and temperature for glucose solution
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Table 4 Empirical equations for soluble solid contents versus temperature and self-
diffusion coefficient for selected carbohydrate solutions and fruit juices

R R R i
amples Empirical Equations ("Brix) (°Brix)
R IR B=—(10.1464+36.450x¢ ™). D,
Fructose 0.58 2.0-36.1
Solution +(45.254 +3.752x %)
RERIBER  B=—(7892+36.459%e").D_
Glucose oo 0.57 2.0-35.8
Solution +(47.368+9.977x(1-¢*"7"y)
RABER B=—(7.410+39.102xe*"""). D,
Sucrose . o06st 0.64 2.0-36.6
Solution +(49.0634+3.825%x(l—¢ )
Mkt B=—(6.697+37.810x¢"""). D,
Orange ousor 0.44 2.4-229
Juice +(47.922+6.501x(1—e "))
DE-Ri B=—(5.958+34.831xe 7). p_
Grape 037 2.2-21.6

Juice +(44.409+7.332%(1-e™™"))
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Table 5 Curvilinear regressed equations of soluble solid contents versus

temperature and self-diffusion coefficient for selected carbohydrate
solutions and fruit juices

A VRS E AR, Pk
- . o+ Vvalid Range
Samples Curvilinear Regressed Equations ("Brix) Ry
("Brix)
RABIE R 3.983+1.296- 7 —0.005- 7" —38.80- In(D
Fructose ~ B=2 : : 38300 137 00379
Solution 14+0.005-T —0.340-In(D,)
DEEER 3910412787 — T2 In(D
Glucose  =>010+1278: 12000675 =37.67-In(D.) o7 387
Solution 14+0.005-T —0.338-In(D,)
AR 3.592+1.361-T=0.007-T> =38.86-In(D
Sucrose B = 2 ") o33 00386
Solution 1+0.006-T —0.311-In(D,)
Mg i 3.867+1.417-T=0.007 T* —40.14-In(D
Orange  B=2 ‘ : 14D o4 24220
Tuice 1+0.004-7—0.270-1n(D,)
BT 3.921+1.350- T —0.007-T* —=37.10 - In(D
Grape  B=2" MDD 39 22216

Juice 1 +0.003-T—O.247~ln(Dw)

x6 FABE—RERMER - MEELERSRENREEEREHE A28
RS ~ BRI ERTEOKREARNEE 2 FI9RELLR
Table 6 Comparison of prediction accuracy for soluble solid contents of fresh
oranges and grapes by using linear regression, empirical equations
and curvilinear regressed equations

A RERE =

. £ s
Range AR H K . x
Samples (oBrrli%() > (°Brix) (°Brix)
) BE-BEgME 0.77 0.88
f;{ Linear regression ' )
gP 2 &3 18 2 X
814 1Bt 3 7 2 X 0.77 0.88
Fresh Empirical equations
Curvilinear regressed equations ’ ’
¥mRadta 0.28 0.53
f‘%g Linear regression
Al & i g
15~19 LA B e 5 7 2 X 0.24 0.50
Fresh Empirical equations

Curvilinear regressed equations
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