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Summary. The Brix content of pineapple fruit can beas expected in relation to the higher incident light
non-invasively predicted from the second derivative aftensity, relative to the pre-dispersive configuration.
near infrared reflectance spectra. Correlations obtaingEbde effect of such environmental variables|as
using a NIRSystems 6500 spectrophotometer througgmperature, humidity and external light, and
multiple linear regression and modified partial leashstrumental variables such as the number of scans
squares analyses using a post-dispersive configuratereraged to form a spectrum, were considered with
were comparable with that from a pre-dispersivespect to the accuracy and precision of |the
configuration in terms of accuracy (e.g. coefficient aheasurement of absorbance at 876 nm, as a key term in
determination,R2, 0.73; standard error of crosshe calibration for Brix, and predicted Brix.
validation, SECV, 1.01°Brix). The effective depth of The application of post-dispersive near infrared
sample assessed was slightly greater using the pdsthnology to in-line assessment of intact fruit in a
dispersive technique (about 20 mm for pineapple fruipacking shed environment is discussed.

Additional keywords: Ananus comosuyéruit quality, humidity, pre-dispersive, post-dispersive, scans, temperature.

Introduction assessment of Brix in this fruit. Shiire al (1993),
Near infrared spectroscopy (NIRS) is widely used f@uthrie and Walsh (1997) and Gutheieal (1998) have
the identification of organic compounds, and has foumdported the development of calibrations for Brix in
increasing use for the non-invasive quantification gifineapple fruit, under laboratory conditions. The error of
organic constituents within biological material. Foprediction (SEP), however, was higher in these studies

example, the technique is widely used in the Australiiman those reported for thin skinned fruit.
grains, forage and oil seeds industry (e.g. assessment of he application of the NIRS technique to the
protein and moisture contents). In Japan (Mitsui Miningrediction of pineapple Brix in a packhouse setting, as
and Smelting Corp., Omiya, and Maki Manufacturingpposed to a laboratory setting, will involve additional
Co., Hamamatsu), commercial in-line near infrared (NIRpurces of error. For example, the ability of a NIR
sensors are being used in packing sheds to assessspieetroscopic system to predict the Brix of fruit will be
sweetness, ripeness and acidity of relatively smooth anéfluenced by the effect of environmental parameters
thin skinned temperate fruits (citrus, apples, pears afedg. light, temperature, humidity) of the sample on the
peaches), at 3 pieces per second per lane (Kawano 1984R spectrum (a spectroscopic problem), by
These units are not commercially available in Australia.characteristics of the illumination system (e.g. effective
The thick, rough skin of pineapple fruit is expected tdepth of fruit from which information is acquired, use of
compromise the application of the technique to thehite’ or monochromatic incident light), by the effect of

© CSIRO 1999 10.1071/EA96127
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environmental parameters such as temperature and
(A) humidity on the instrument, and by performance

characteristics of the spectrometer (e.g. signal: noise
ratio, reflecting mechanical considerations such as
grating positioning, electronic considerations such as
detector dark current and A/D conversion of data and
a optical considerations such as stray light within the

spectrometer). The post-dispersive mode should offer
advantages over the pre-dispersive mode with in-line
| applications because light intensity is lost in passage over
the diffraction grating (for a concave holographic grating,

f Py f as used in the NIRSystems 6500, maximum light
e b c transmission is typically 30% at the blaze wavelength).

' N : Thus the post-dispersive system has the advantage of
7o d delivering a higher intensity of all wavelengths onto the

sample, improving the effective depth of penetration into
the sample. Also, external light around the sample will
(B) have less effect on the detector response. While NIRS is
in commercial use in Japan, there is little published
f consideration of the effect of such variables for the
prediction of fruit quality attributes. In this study, we
consider the influence of these parameters on the
R 9 X assessment of pineapple fruit Brix, with a view to the

i ,", """"""" :J_ application of NIRS to the sorting of pineapples for Brix
P / c content in an in-line setting.

i v/ b Materials and methods

;e 7/ Plant material and constituent analysis
! Y The pineapplesAnanas comosu@..) Merrill, var. Smooth
' /h Cayenne] used in the experiment were grown commercially on a
N /N Yeppoon, Central Queensland farm, and transported to the
L ! , d laboratory on the day of harvest. Spectra were acquired after sample
temperature equilibration and within 3 days of harvest, in an air-
conditioned laboratory at 22-24°C. After scanning, a 60 mm
diameter stainless steel corer was used to excise both skin and
underlying flesh to a depth of 20 mm. The skin was subsequently
Figure 1. Schematic diagram of sample presentation to pre- and pog?_moved ar_ld' the flesh squeeze_d_manually through a nqun clath to
dispersive instrument configurations (NIRSystems 650%) Remote ex.tract the jUICe..T.he extracted juice was measureci fo!' Brix content
reflectance fibre optic probe employs monochromatic light generatgc?mg an Erma digital refractometer (accuracy + 0.2°Brix).
by a scanning monochromator conveyed via a fibre optic bundle (&ear infrared spectrometry
Light leaves the fibre optic, radiates at 22° (a function of the numerical A scanning monochromator (Model 6500, NIRSystems, Silver
aperture of the fibre), passes a slit (b) and a quartz glass window $grings, MD, USA) driven by NSAS software (Version 3.3,
before interacting with the sample (d). The direction of incident light iNlIRSystems) was used in 2 configurations. In the ‘pre-dispersive’
perpendicular to the sample surface. Diffusely reflected radiation (e)asnfiguration, light from a 75 W tungsten halogen lamp passes
measured by detectors (f) mounted at 45° to the sample surface. Tiwmugh a slit and is dispersed by a moving grating. The dispersed
lead sulfide detectors and one silicon detector are mounted on edight passes through order sorting filters, with the primary spectrum
side of the incident light slit. The sample (d) was positioned adjaceti¢livered via a 1.6 m fibre optic cable to a remote reflectance probe
to the quartz glass window (cB)(Direct light sensing head employs (Fig. 1). Thus monochromatic light is incident on the sample, and
white light generated by a 75 W tungsten halogen lamp (a). Tldetectors in the probe (mounted at 45° to the sample surface)
incident white light (b) was directed at the sample surface (ahonitor the intensity of reflected light. In the ‘post-dispersive’
immediately under the fibre optic (f). The sample was positioned 7 coonfiguration, light from a 75 W lamp directly illuminates the
from the quartz glass window (c). Diffusely reflected light (e) wasample, and light returning from the sample is delivered via a 1.6 m
conveyed via the fibre optic (f) to a scanning monochromator aribre optic to a spectrometer (Fig. 1). Light passing a slit is dispersed
detector system. A ceramic reference (g) is pneumatically positionbgt a moving grating, and is delivered through order sorting filters
under the lamp and fibre optic between sample measurements. onto the detectors (positioned normal to the incident beam).
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Table 1. MLR- and MPLS-based calibration of NIRS and contrast, in the MLR procedure, the population was divided into
pineapple Brix level (fruit harvested in 1995) equal groups for use as calibration and prediction sets.

Results are summarised for two protocols for the partitioning ofa ~ Two procedures were used in dividing the population for the

population into prediction and calibration sets (boxcar and ranked MLR procedure. In the rectangular (‘boxcar’) distribution method

sequential) for the MLR procedure for analyte concentration, the population was first ranked into
groups varying by 1°Brix, and then 14 samples (if the division had
Pre-dispersive Post-dispersive less than 14, all were used) were taken from each group to make
the calibration set. In this method the calibration set is equally
MLR—boxcar calibration (760-1300 nm) weighted for samples across the full Brix range of the population,
Callibration although the remaining prediction set is overweighted with
n 105 105 samples about the mean. In the ‘sequential’ method, samples were
Wavelengths (nm) 740, 764, 788 1188, 708 ordered in ascending Brix values, then sequentially paired and a
R? 0.740 0.705 value from each pair randomly split into either calibration or
SEC 1.155 1.219 prediction sets. In this procedure both sets are equally weighted for
Prediction the range of Brix levels present in the population.
n 103 103 . .
R2 0.28 0.38 Instrumental and environmental variables
SEP 1.49 1.29 The noise within a spectroscopic condition was characterised
with respect to absorption at 876 nm and the predicted Brix value
MLR—ranked sequential (7601300 nm) of the assessed fruit. Absorbance at 876 nm was chosen, as the
Calibration derivative of absorbance at this wavelength was important in the
n 104 104 calibration (MLR, pre-dispersive) developed for pineapple Brix
Wavelengths (nm) 876, 764 1188, 1244, 708 (Table 1). Absorbance values at 876 nm were averaged, and the
0.650 0.652 average divided by the standard error as an estimate of the
SEC 1.055 0.992 signal : noise ratio.
Prediction Number of scansThe ‘default’ option used on the NIRSystems
n 104 104 6500 was to average the spectra of 50 scans per spectrum acquired.
R2 0.50 0.50 With each scan taking about 1 s, spectrum acquisition therefore
SEP 1.36 1.30 requires about 1 min. A fewer number of scans are expected to
decrease the signal: noise ratio of the measurement. This effect was
MPLS—6 cross validation groups (760-2300 nm) studied by collecting 5 spectra of a sample (intact pineapple) with
n 208 208 paired reference spectra, using either 1, 2, 4, 8, 16, 32, or the
Number of terms 4 3 maximum allowed, 50 scans per spectra.
0.642 0.728 External light. To consider the influence of light, spectra were
SEC 1.060 0.876 acquired using the pre-dispersive system under the following
SECV 1.112 1.011 4 conditions: (i) ‘standard’ practice (e.g. as used by Guthrie and
Walsh 1997), with the remote reflectance fibre optic probe sealed

close to the object of interest (a pineapple fruit) in a light proof
box; (ii) the lid of this box left open within a room with windows
\}Q which the fluorescent overhead lights were turned off;

work were adopted. Briefly, intact fruit were held in a light- roof!!) the lid of the box left open, with room fluorescent lights on;
polyvinyl chIorige (PVC) b)(/)x with a 60 mm diameter Wi?1do€v. Aa'f‘d_("’) a tungsten halogen_ roodh_ght directed at the open box.
laboratory jack held the fruit against the window so that the fruit Skﬁ{mllarly, spectra were acquired using the post-dispersive system

was in direct contact with the quartz glass window of thlénder the following 4 conditions: (i) darkness; (ii) room with
upshuttered windows; (iii) room with fluorescent lights on; and

NIRSystems remote reflectance probe. The same population floodliaht directed at the fruit. Spect ired at
pineapple fruit was then scanned with the direct light NIRSyste oodlig irected at the fruit. Spectra were acquired a
ocations on 5 fruit (10 spectra) for each of these conditions, for

6500, with lamp and fibre optic positioned 7 cm above the int h the pre- and post-dispersive systems.

fruit. In both configurations, spectra were obtained at the centre of Denth of | dhe effective denth of th |
fruit's longest dimension, from each half of the fruit (i.e. 2 spectra per epth of sample assessedhe efiective depinh ot the sample

fruit), and reference scans were undertaken between each sal E V\:E'Ch dlffusedly rEﬂteg.tEd I|g_ht was fgcqw{_ed Wa; eStt'matEd
spectrum, using a white ceramic tile as the reference. using the pre- and post-dispersive configurations. speéctra were
acquired of filter paper (Whatman No. 42, 18.5 cm diameter)

Calibration development soaked in 10% (w/v) sucrose, within a petri plate on a teflon
Calibration equations were developed on second derivatigackground. The number of filter papers was varied between 1 and
spectral data using multiple linear regression (MLR) and modifi@d. In an alternative consideration, spectra were collected from
partial least squares (MPLS) analysis with ISI (Version 3.0) softwarkd pineapple fruit in which flesh was sequentially trimmed from
Spectral and Brix analyses were obtained for 208 samples (mea side away from the skin surface facing the NIRS probe.
15.44, range 11.9-20.4, s.d. 1.74°Brix). In the MPLS calibration Temperature and humidityTo consider the effect of
procedure, the population was partitioned into 6 subgroups, wimperature, 5 fruit were varied in temperature between 2 and
each group sequentially used as a predicted group and the remaiedeC, and spectra acquired using both systems (instruments held at
as a calibration group (such that every sample is predicted once)2#1-24°C). Fruit temperature was measured using a thermocouple

The protocols of Guthrie and Walsh (1997) for pre-dispersi
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Figure 2. (a) Absorbance andb] second derivative of absorbance at 3 wavelend®h$876 nm, A 992 nm, ® 1216 nm) plotted against the
number of layers of filter paper soaked in 10% (w/v) sucrose solution. Measurements were made using a pre-dispersive system.

placed under the skin of the fruit. Reference spectra (ceramic) wilé. R (Table 1). The ‘boxcar’ selection procedure gave a
taken at laboratory temperature. In a parallel experiment, relatiffgre uniform weighting across the range of Brix levels
humidity of the environment of the remote reflectance probe a the sequential selection procedure. This resulted in

sample was varied, and spectra acquired. Reflectance probe . > . . h . .
sample or spectrometer were enclosed within a cabinet and ghUperiorR® for calibration, in comparison with the

humidity decreased by recirculating air through a cold trap, afgequential’ method. However, this protocol depleted the
increased by introducing steam into the recirculating air supplyumber of samples in the prediction set at the extreme
and monitored using a Tinytag datalogger. ends of the range. In consequence Rhand SEP of the

The effect of humidity was also considered with respect to tr“;% . - L ‘ ) :
instrument. In this experiment, the instrument was housed in ?aedlcuon set were inferior in the ‘boxcar’, relative to

chamber in which humidity was altered, and the probe and sampl€ ‘s_equential’, procedur?- _ _
were maintained under ambient laboratory conditions (i.e. constantBrix content was predicted for a population of fruit

humidity and temperature). harvested in 1996 (Tables 2 and 3; Figs 3-5) using
calibration equations developed from a previous growing

Results and discussion season (1995, Table 1) for both pre- and post-dispersive

Calibration for pineapple Brix systems. The predictions were reasonably precise but

MLR calibrations developed using post-dispersivimaccurate, with an offset of 1 and 6°Brix for the pre-
analysis were equivalent to those using pre-dispersized post-dispersive systems respectively. This result
analysis in terms of calibration and predictioronfirms the need to develop robust calibrations across
regressions (Table 1). For the MPLS-based calibratioggowing seasons (Guthrét al 1998).
post-dispersive analysis yielded a superior result to theThe signal: noise ratio fohg, (as indexed by the
pre-dispersive analysis, in terms of coefficient afatio of mean to standard error for 5 measurements,
determination R?), standard error of calibration (SEC)Tables 2 and 3) was lower in the pre-dispersive, relative
and standard error of cross-validation (SECV) (Table tp the post-dispersive, system. We consider that this
Coefficients of determination of 0.73 and 0.64, achievedsult is largely due to differences in the position of the
using post- and pre-dispersive analyses, respectivelgramic reference, which was scanned between each
will allow grading of articles into 3 grades at a succesample. In the pre-dispersive system the reference was
rate of 70 and 65% respectively (Shenk and Westerhalsced in the same position as the sample, whereas in the
1993). High and low samples will be correctly identifieppost-dispersive system the reference was built into the
with a success rate of 99 and 100% respectively. direct light head, which was held 7 cm above the sample.

Two procedures were used for the selection &f consequence, the absorbance measured in the post-
calibration samples from the overall population for theéispersive system was much higher than that measured



Near infrared assessment of fruit quality 77

115 Table 2. Effect of varying external light conditions on absorbance
(876 nm) and predicted Brix of pineapple fruit assessed using a
pre- or post-dispersive system
Data presented as mean=10) and mean/s.e. as an estimate of the
signal : noise ratio
Values in parentheses are expressed as a percentage of the dark value

Light conditions Pre-dispersive Post-dispersive
Mean Mean/s.e. Mean Mean/s.€.

Absorbance (876 nm)

Percentage of °Brix at 70-75 mm

Dark 0.1394 648 0.8832 2331

65 I I I I I Ambient 0.1381 631 0.8820 2333
0 20 40 60 80 100 120 +Fluorescent  0.1366 353 0.8791 2819

+Floodlight 0.0413 4 0.8486 2392

Fruit thickness (mm)
Predicted Brix {Brix)

Figure 3. Predicted Brix of pineapple fruit, as a percentage of thg park 19.7 (100) 263 14.8 (100) 18.7
predicted at 70—75 mm. Slices were cut from each fruit (on the sii Ambient 19.7 (99.8) 272 13.2(89.1) 13.2
away from the light source and detector) between each measurem +F|uorescent  20.9 (101.2) 314 13.9(94.7) 19.1
Predictions were made using a pré)(and post- ) dispersive | +Floodlight 17.7(89.6) 37 14.7 (98.9) 14.0

system, with calibrations reported in Table 1. Each data poi
represents the mean of 10 separate fruit with an associated s.e.m.

spectral information was obtained from a depth of

in the pre-dispersive system. Given absorbance ileol_zo mm of filter paper. The decrease in the second

logarithmic scale, the post-dispersive system is ex ecfi %'ivative of absorbance at 992 and 1216 nm, stabilising
9 ' P P y PECabout 10 layers (10 mm) can be explained by the

to give a higher signal: standard error ratio (but at tr:‘:1‘?:>sorbance of sucrose, water or cellulose at these
expense of signal resolution). . . -
wavelengths (i.e. to increasing number of paper layers).

Penetration The increase in the second derivativeAgf, stabilising

Spectra were acquired of filter paper soaked in 10&b about 20 layers (20 mm) indicates that this term is
(w/v) sucrose using the pre-dispersive configuratiategatively correlated with the analyte (in this case,
(Fig. 2). Maximum separation of absorbance (actualhumber of paper layers). Similar data were obtained
reflectance) spectra occurred at 992 and 1216 nm, whiking the post-dispersive system (data not shown).
absorbance at 876 nm was considered as a wavelength dh an alternative approach to the question of the
significance in the pineapple Brix calibration (MLR preeffective depth of the sample from which diffusely
dispersive, Table 1). Absorbance at 992 and 1216 meflected light was acquired, Brix was predicted for fruit
increased with number of layers, reaching a plateauodtvarying slice thickness. Using the pre-dispersive
about 6 layers (6 mm thickness of paper layersjonfiguration, the predicted Brix on a slice of pineapple
Absorbance at 876 nm demonstrated little relationshipfi@it only 10 mm thick was not different to that of
number of layers, suggesting a greater penetration of thigker slices of fruit (Fig. 3). Using the post-dispersive
sample by the wavelengths 992 and 1216 nm. The initi@nfiguration, the predicted Brix of pineapple increased
slope of the relationship between absorbance awith fruit thickness up to about 20 mm. There was more
number of layers is related to the extinction coefficiemoise on post-dispersive estimation of Brix. The
of the sample. temperature of the fruit will have increased during the

As absorbance data is prone to spectral baseline shiftelonged exposure to high light intensity in this
due to changes in sample surface reflectance, firstexperiment. Temperature will affect the wavelength at
second derivative data are generally used in calibratighich maximum absorption occurs for a given chemical
exercises. The second derivative term is negativehynd, and thus the accuracy of a Brix prediction.
correlated with the concentration of the analyte absorbiR@wever, the standard error of the prediction did not
at that wavelength, to the extinction coefficient of theonsistently increase with the time of exposure (i.e. as
analyte, and to the pathlength (from Beers’ Law). Asuit was sliced and thickness decreased, Fig. 3) and thus
expected, the second derivative of spectra provided matinge in temperature does not explain this effect. The
information about the sample. Depending on wavelengtionsistent decrease of the pre-dispersive estimate with
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(a) post-dispersive system. When using the post-dispersive
N systemAg_-was not affected by background light levels
& (even a floodlight, Table 2). In contrast, the signal: noise
<20 Pro-di . ratio of measurements made using the pre-dispersive
X re-dispersive . . .

@ system was significantly decreased by increasing
T 16 | . . external light levels.
% Post-dispersive The use of second derivatives should remove the effect
:h_’ 12 b of (constant) external light on the absorbance spectra with
respect to the calibration for fruit Brix, although only if
8 this external light is spectrally ‘neutral’ (i.e. its influence is
. constant over that part of the spectrum of importance to the
g 60 r calibration). The mean and standard error of the predicted
g Brix of fruit assessed with the post-dispersive technique
® was not significantly altered by external light levels. The
g 40 mean and standard error of predicted Brix of fruit assessed
E with the pre-dispersive technique was affected by the
2 tungsten halogen floodlight, but not by fluorescent
% 20 lighting. These results were expected as fluorescent light
;l_’ sources do not produce light of wavelengths relative to the
. . . . . Brix calibration, and the presence of additional white light
0 10 20 30 40 50 6o from a tungsten halogen source should affect the pre-

Actual temperature (°C) dispersive technique adversely.

Temperature
Kawanoet al. (1995) has emphasised the need to
Figure 4. (a) Predicted Brix of 5 separate fruit over a range ofncorporate samples over the range of temperatures
temperatures using a pre- and a post-dispersive sysiyrir§it expected in an operational setting within a calibration
temperature was predicted from spectra. For the pre-dispersive sysgearcise. The calibrations reported in Table 1 were
(#) a calibrationR? = 0.97, SEC = 2.3 and SECV = 3.0°C was o940
achieved. For the post-dispersive syste®) @ calibrationR? = 0.97, ievstOpted over ? narrc;v:hter?p(_atra}ture rangde (22d'§4tf$).
SEC = 2.7 and SECV = 3.4°C was achieved. S the temperature or the Iruit increased so did the
predicted Brix values for the pre-dispersive configuration
Fig. 4). However, predictions for the post-dispersive
. ; -eéonfiguration showed no consistent trend (Fig. 4). The
reiflﬁctlonhfrcr)]m the te(;‘lon background back mto :‘he fru'Fncreased light intensity on the sample inherent with the
Z_t oug L Is trend was not apparent in the pOSpgf)st-dispersive system adds a heat load to the sample.
Ispersive data. {l:ruit temperature (as monitored by a thermistor placed

The post-dispersive mode offers the advantage 08 1\ under the skin surface) increased by about 2°C

higher incident light intensity relative to the Pr€over the scanning period. However, this effect will be

dispersive mode, because of the loss of intensity Witfar in poth calibration and prediction samples and
passage of light through a slit and over a d'ffraCt'%erefore does not explain the result

grating in the pre-dispersive mode. If incident light Incorporation of a range of sample temperatures into
intensity was doubled, the number of photons at all IeV%JScaIibration equation, as suggested by Kawenal
wit'hin the fruit.will be doupled, i.mproving'the sigpal to(1995), will reduce the accuracy and precision of the
noise .Of the diffusely radiated Ilgh'g and increasing tlgrediction. Alternatively, calibrations could be
gffectwg dgpth Of. sample for which yseful spectr eveloped for a series of temperature ranges, to cover the
|pformat|on is acqylred. Therefore t.he dlffugely reﬂeCte&pected sample temperatures. Temperature of the fruit
!'ght should con't:?un more rele':va}nt mformatyon about ﬂ‘éeample was predicted reasonably accurately using either
internal composition of the fruit (i.e. flesh Brix). pre- or post-dispersive configurations (FigR4,= 0.97
External light effects and SEC = 2.3°CR? = 0.97 and SEC = 2.7°C

The pre-dispersive system is expected to be maespectively). Such a temperature prediction could be
sensitive to stray light entering the detector than thised to select a relevant calibration equation.

increasing thickness of fruit could be explained b
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Table 3. Effect of varying number of scans averaged for each
o169 1 (&) W spectrum on absorbance and predicted Brix using a pre-and post-
£ dispersive system
:; 0.167 Data presented as mean and mean/s.e. for the absorbance data and as
& mean and s.e. for predicted Brix data=(5)
'g' 0.165 L Values in parentheses are expressed as a percentage of 50 scans
(2]
E 0.163 | No. of Pre-dispersive Post-dispersive
§’ scans Mean Mean/s.e. Mean Mean/s|e.
2 ors.e. ors.e.
< 0.161 |
Absorbance (876 nm)
0.159 . . . . . . . 1 0.0928 (92.7) 41 0.825 (100) 1761
(b) 2 0.0974 (97.2) 209 0.826 (100.0) 2611
2 | 4 0.0971 (97.0) 348 0.826 (100.1) 5449
3 8 0.097 (96.9) 321 0.826 (100.1) 5782
& Wo\._. 16 0.085 (98.3) 315 0.826 (100.1) 10323
> A 32 0.0997 (99.6) 448 0.826 (100.1) 5065
= 20 50 0.1002 (100) 537 0.826 (100.0) 5024
T
2 Predicted Brix {Brix)
§ 19 1 20.6 (97.8) 0.38 9.3(72.2) 3.9
o 2 21.2 (100.4) 0.22 8.0 (64.9) 2.2
18 | 4 21.0(99.7) 0.20 15.7 (124.1) 2.9
8 21.1(99.8) 0.19 14.3(1133) 16
17 L L L L L L L 16 21.2 (100.4) 0.15 13.5(105.7) 1.6
20 30 40 50 60 70 80 90 100 32 21.0 (99.6) 0.05 14.1 (119.4) 0.8
Relative humidity (%) 50 21.1 (100.0) 0.06 12,7 (100.0) 0.7

Figure 5. (a) Ag;gand ) predicted Brix of pineapple fruit over a . .

range of humidities. Humidity was varied in the vicinity of the sampiénterpreted as largely due to the position of the r_eference

and remote reflectance probe, with a reference value taken at 5{¥able 3). The mean/s.e. ratio of ba@ty,; and predicted

relative humidity only @). The sample and remote reflectance prob@rix improved with the number of scans averaged for each

were maintained under constant conditions while the spectrometer ‘@ectrum in both systems. A standard error of less than 1°

subjected to varying humidities and either reference taken at o ] . ] . ]

humidity level only @) or taken paired with each sample ) B?edICte_d Brix was achleved with only 1 scan in the p_re-
dispersive system, while 32 or more scans were required
with the post-dispersive system to achieve the same result.
The time required to acquire each spectrum is a limitation

Relative humidity to t_he adop_tion of_ NIRS technology into pack hous_e

Increasing the humidity of the sample environmeng€ttings. Fru_lt packing lines curr_ently sort fruit at rates in

while temperature was held constant, had minimal effe@cess of 1 item per second (typical belt speed 1 m/s).

on the p_redlcted fruit sample Brix value using the Pre<onclusion

dispersive system (Fig. 5). However, when the

instrument (i.e. monochromator) was subjected tosd,

range of humidity values, the predicted Brix values we gchnology, ‘tolerant’ of changes in temperature and

more erratic than in the former situation. This res tumidity and capable of assessment of at least

could be caused .by Fhe light s.caFtermg effect of Wfr"tﬁrpineapple fruit per second. A post-dispersive optical
droplets on the incident radiation. Re-referencin

o - @onfiguration is recommended over a pre-dispersive
petween sample.s;,. at the pre\{a|l|ng _hu.m|d|ty, served §9stem to increase the incident light intensity on the
improve the precision of the Brix prediction. sample (i.e. to assess a greater depth of fruit) and to
Number of scans per spectrum decrease sensitivity to stray white light. A detector array

As noted with external light effects, predicted Brix wa@CCD or photodiode) rather than a scanning grating and
inaccurate, and the difference in tAg,, mean/s.e. a single detector is required to decrease analysis time.
estimate between pre- and post-dispersive systemdlese 2 features are seen in prototype ‘bench top’ NIRS

The use of a NIR-based technology for the sorting of
it in a packing shed requires a robust and rapid
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units for Brix assessment of kiwifruit (Osboreeal Kawano, S. (1994). Present condition of nondestructive quality
1998), peach (Jaenis@t al 1990), melon (Matumoto evaluation of fruits and vegetables in Japdapan

Agricultural Research Quarterlg8, 212—-16
etal 1996) and apple (Bellogt al 1993). Kawano, S., Abe, H., and lwamoto, M. (1995). Development of a

The influence of relative humidity on prediction can ¢ajipration equation with temperature compensation for
be addressed by re-referencing as humidity changes, Otetermining the Brix values in intact peachisurnal of Near
by enclosing the spectrometer. The influence of samplelnfrared Spectroscopy, 211-18.
temperature on prediction accuracy is suggested to'ffvano, S., Watanabe, H., and Ilwamoto, M. (1992).

L . Determination of sugar content in intact peaches by near infra-
best addressed by predicting temperature using NIRS’red spectroscopy with fibre optics in interactance mode.

and applying a .Ca”b_ration developed .for this  journal of the Japanese Society of Horticultural Sciefite
temperature. Consideration should also be given to the445-51.

effect of temperature changes on the spectrometer. Mgumoto, K., Aoki, H., Mizuno, K., and Maeda, H. (1996).
are currently undertaking further work to integrate a Development of a new near-infrared spectrophotometer.

. . . - .. In ‘Proceedings of the International Conference on Tropical
post-dispersive array system into a commercial fruit Fruits’. Kuala Lumpur, Malayasia. (Ed. S. Vijaysegaran.)

packing shed. pp. 207-12. (Malayasian Agricultural Research and
Acknowledgments Development Institute: Kuala Lumpur.)
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