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ABSTRACT 
Avocado fruit ripening and quality characteristics are often variable, making marketing and logistical decisions diffi cult. 
Near-infrared spectroscopy (NIRS) is a non-destructive technique which should be suitable for on-line measurement of 
various quality related factors. The various methods of measurement (refl ectance, transmission and interactance) are 
outlined and discussed with respect to their suitability for use on avocado fruit. The present use of NIRS for the qual-
ity evaluation of various horticultural crops as well as the technical diffi culties leading to the present limitations of use 
are discussed. Despite these limitations, it is suggested that the technique is a useful addition to packhouse operations 
and its application could lead to better marketing and logistical management decisions, and higher quality fruit for the 
consumer. 
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INTRODUCTION
Avocados are physiologically variable fruit and despite 
concerted efforts to minimise this variation using maturity 
indexing and quality parameters such as fruit mineral con-
tent measured in samples taken prior to harvest and grad-
ing, fruit remain highly variable. This results in variation 
within a shipment in ripening rates, shelf life and quality. 
Such variability within consignments makes it particularly 
diffi cult to manage the marketing of fruit, especially for 
the “ready-ripe” market. The diffi culties arise because of 
the differences in development and physiology of avocado 
fruit within trees, orchards and regions. Although some 
parameters affecting ripening or fruit quality are known, 
orchard sampling using destructive tests only provides 
a general indication of the attributes of a consignment, 
without being able to determine information relating to 
any specifi c fruit. If a means can be developed to meas-
ure critical quality parameters in individual fruit non-de-
structively, grading and packing may yield more uniformly 
ripening consignments, allowing the packer, shipper and 
marketer to formulate decisions and protocols with greater 
accuracy. In addition, if a means to predict shelf life or 
quality can be included, greater consumer confi dence in 
the product and higher returns are likely. Near-infrared 
spectroscopy (NIRS) is capable of rapid non-destructive 
measurement of a range of organic compounds. 

The purpose of this literature review is not to provide 
a comprehensive, scientifi c review but rather to demon-
strate the potential of this technology for the avocado in-
dustry, in particular for the measurement of fruit maturity 
based on a moisture content basis. Recent reviews on the 
use of NIR technology in agriculture and the food industry 
have been published by Roberts et al. (2004) and Williams 
et al. (2001). These reviews provide detailed chemical, 
physical and statistical theory behind NIR spectroscopy 
and analysis.

BACKGROUND
Near-infrared spectroscopy is a non-destructive technique 
using electromagnetic radiation in the region of 780 to 
2500 nm (Workman et al., 2004). The primary information 
that can be gathered from the interaction of NIR radiation 
with biological materials is its molecular composition, due 
to the stretching and bending of CH, OH and NH bonds in 
the material (Workman & Shenk, 2004). NIR is a remark-
able analytical technique. Analysis time is less than 30 
seconds, it is non-destructive, versatile (able to measure 
compounds with concentrations of 0.1%), and easy to use 
(Burns et al., 2001). 

NIRS was largely developed by Karl Norris of the US 
Department of Agriculture, starting in the 1960s, for the 
analysis of a range of compounds in agronomic crops such 
as moisture content in soybean and fat content in milk 
(Raghavachari, 2001; Roberts et al., 2004). The predic-
tion of chemical compounds is achieved by calibrating NIR 
spectral information against laboratory reference data 
(Workman & Shenk, 2004). A calibration equation is then 
developed to predict concentrations of the compounds in 
future samples. To be useful commercially, a calibration 
equation should include samples from various production 
locations, seasons and cultivars – if relevant. It is possible 
to obtain a stable global calibration equation if the sample 
set has suffi cient variation in the above mentioned factors 
(Kawano, 2002). This global calibration equation will thus 
be able to accurately measure the compound of interest in 
any sample, i.e. avocado fruit. 

MEASUREMENT TECHNIQUES
There are three means of measuring a sample’s NIR ab-
sorption spectrum: refl ectance, transmission and interact-
ance. In refl ectance mode, the light source and detector 
are located on the same side of the sample. In transmis-
sion mode, the two components are located on opposite 
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ends of the sample, while interactance measures the un-
absorbed (i.e. internally refl ected) light from a sample, on 
the same side as the light emitter. 

Refl ectance NIR has been used for about half of the 
research on fruit and vegetables, with transmission and 
interactance comprising about 25% each (Slaughter et al., 
2004). Refl ectance and transmission spectrophotometry 
are the traditional methods, and are applicable if the sur-
face of the sample is of interest or similar to the interior 
(or the skin suffi ciently thin to absorb a minimal amount 
of radiation). 

Interactance spectrophotometry allows the optical ab-
sorption spectrum to be collected from intact, optically 
dense biological specimens of irregular size and does not 
require a correction for pathlength differences for fruit of 
different sizes. Birth et al. (1984) could distinguish be-
tween the later maturity stages of papayas using refl ect-
ance NIR, but not between immature and mature green 
fruit. Using interactance, this discernment was possible. 
Schaare et al. (2000) compared all three modes of NIRS 
and found that interactance proved the most accurate in 
predicting soluble solid content, density and internal col-
our. They concluded this was because the interactance 
mode is less affected by the peel and had a superior signal 
/ noise ratio (i.e. more sensitive) when compared to direct 
transmission. Interactance NIR may be the best option for 
the avocado industry (especially whole fruit) because of 
the above reasons. To illustrate this point, the correlations 
between NIR measurement and actual determination of 
compounds of interest from (Clark et al., 2003) and the 
authors’ research in 2007/8 are included in Table 1. 

Clark et al. (2003) Current research
Mode of 

detection Interactance Refl ectance Refl ectance

R2 0.88 0.75 0.92
SE 1.8% DM 2.6% DM 2.0% MC

Table 1. Comparison of correlation (R2) and standard error 
(SE) using refl ectance and interactance modes between near 
infrared spectroscopy and actual measurements of com-
pounds of interest. 

Although R2 values of the current research appear good, 
it is notable that the standard error term is considerably 
greater for the refl ectance mode. This means that there 
will be greater accuracy in predictions if the interactance 
mode is used. The possible need for interactive mode 
equipment will complicate the online implementation of 
NIR, because the probe needs to be in contact with the 
fruit during the scan. Some commercial companies are us-
ing the interactance mode (Clark et al., 2003) but most 
commercial machinery is in refl ectance mode. 

USE ON HORTICULTURAL CROPS
NIR has been used for decades for analysing grains and 
seeds but has had limited use in horticultural crops be-
cause fruit and vegetables contain large amounts of water 
(water dominates the spectrum, complicating the predic-
tion of other compounds), have an irregular shape (which 
results in pathlength differences), are highly heterogene-
ous, and have a thick rind or skin (Slaughter & Abbott, 
2004). The larger sample size of fruit – compared to grains 
– decreases accuracy of prediction because NIR radiation 

will only penetrate 3-10 mm into the product (Workman & 
Shenk, 2004). The development of the interaction probe 
(Kawano, 2002) solved the problem with sample shape 
and presentation. 

Apples (Malus domestica Borkh.) are the most com-
monly studied fruit in NIRS (Slaughter & Abbott, 2004). A 
number of compounds and attributes have been success-
fully determined non-destructively: bruised tissue, water 
core, external colour, fi rmness, fructose, glucose, sucrose, 
sorbitol, malic acid, dry matter, maturity, water content, 
nitrogen, pH, total acidity, and total soluble solids (TSS) 
(Slaughter & Abbott, 2004). 

Very little research has been published on the use of 
NIRS in avocado. Work has been done to measure dry 
matter in ‘Hass’ (Clark et al., 2003; Schmilovitch et al., 
2001; Walsh et al., 2004) and the concentration of per-
seitol (a seven-carbon sugar alcohol unique to avocado) 
in honey (Dvash et al., 2002). However, there is a lack 
of research into the prediction of organic compounds in 
avocado and avocado products. Nevertheless, “there is 
considerable potential for its use in packing house lines 
as a non-destructive indicator of maturity” (Hofman et al., 
2002). 

The technology is commercially used in pack houses in 
Japan and New Zealand. Sugar content is estimated in ap-
ple, peach and pear (Kawano, 1994) and as a commer-
cial oil test in oil seeds (Williams and Sobering, 1993). In 
1989, the Mitsui Mining and Smelting Co. Ltd. developed 
the fi rst machine to sort according to internal quality. Ap-
ples, peaches and Japanese pears were sorted according 
to Brix value on-line by this machine. The machine used 
refl ectance NIR and could sort fruit at a rate of 3 fruit/s/
lane (Kawano, 1994). With similar machines, on-line sort-
ing for quality becomes possible. If this data can be corre-
lated to corresponding producing conditions and practices 
such as soil condition, fertilization rates, climate, irrigation 
and harvest date, better guidance for high-quality produc-
tion will be possible (Kawano, 2002). 

Dry matter (DM) percentage (or the complementary 
value of moisture content in South Africa) is used as an 
industry standard for maturity (Hofman et al., 2002). 
While oil content is the most reliable indicator of maturity 
(Kaiser, 1994), its determination is costly and time-con-
suming. Total oil content and DM are strongly correlated 
(Lee et al., 1983; Ranney, 1991) hence DM is used as the 
industry standard. The relationship between DM and ripe 
fruit quality is sometimes not accurate, indicating a need 
for an improved standard (Hofman et al., 2002). 

NIRS can be used to predict maturity more accurately 
by non-destructively measuring total oil content, or dry 
matter. With newer technology becoming available, there 
is potential to use NIRS on-line in pack houses to rapidly 
measure a range of compounds. 

The ability to predict the number of days a fruit takes 
to ripen would be very useful in the avocado industry. Pre-
packing operations face serious logistical problems with 
fruit in the same consignment showing severe mixed ripen-
ing. If fruit were graded accordingly, these logistical prob-
lems would be solved, operating costs reduced and fruit 
quality maintained because fruit would not be handled as 
often. The potential for this has been shown, in that avo-
cado fruit moisture content at harvest was the single most 
important factor determining ripening rate (Bower et al., 
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2007). Work is continuing in the measurement of ripening 
rate using NIRS. 

Avocado oil is marketed as an alternative to olive oil, 
with a favourable ratio of mono-unsaturated to poly-un-
saturated to saturated fatty acids (Requejo-Tapia, 1999). 
Authentication of registered designation of origin (RDO) 
olive oil from France based on the fatty acid and tria-
cylglycerol composition has been achieved, and could be 
rapidly authenticated in any sample by NIRS (Galtier et 
al., 2007). There is a theory that growing climate affects 
the degree of unsaturation of avocado oil (Requejo-Tapia, 
1999). The quality attributes free fatty acids, peroxide 
value, total polyphenols, oxidative stability, moisture and 
purity of olive oil have also been measured using NIRS 
(Garrido et al., 2000) and Pérez-Vich et al. (1998) were 
able to measure the fatty acid profi le of a range of sun-
fl ower products using refl ectance NIR. This suggests that 
the same will be possible with a range of avocado products 
(whole fruit, guacamole and oil). These attributes would 
be useful to avocado oil and guacamole manufacturers as 
the quality and shelf life of the oil would be known during 
processing. This will improve product quality (substandard 
batches will not be processed or released for distribution) 
and income losses reduced. 

LIMITATIONS OF NIRS
There are some limitations to NIRS. There are no absorp-
tion bands for mineral species in the NIRS region (Burns 
& Ciurczak, 2001). This would be useful, as nutrients have 
a role to play in fruit quality and ripening (Van Rooyen, 
2006). 

Further, the localized nature of the scanning may not 
accurately predict the average internal quality because of 
spatial variability in the fruit (Slaughter & Abbott, 2004). 
Martinsen et al. (1998) and Martinsen et al. (1999) dis-
cussed the diffi culty in developing an NIRS imaging system 
on produce due to the spatial variability in the constituent 
to be determined across the sample. This is a potential 
problem in the avocado industry, because it is well known 
that there are gradients of many compounds throughout 
the fruit (Schroeder, 1985). Avocado fruit have the highest 
mesocarp DM percentage mid-way between the exocarp 
and seed (Schroeder, 1985). 

CONCLUSIONS
With the emphasis on fruit quality by importers, there is a 
need in the avocado industry for rapid, accurate, on-line 
sorting of product into quality categories by a combination 
of quality attributes. This allows the importers to receive 
consistent batches of fruit, and marketers to make deci-
sions relating to sales and logistics to maximise returns 
to growers. NIRS has the potential to detect most qual-
ity attributes. It is possible to predict (and by implication 
sort) avocado ripening rate. This would allow for improved 
market planning and simplifi ed logistics in pre-packing fa-
cilities. 

While there are still technical diffi culties relating to the 
speed at which NIR scanning can be done on a pack line, 
and the degree of accuracy within such a commercial situ-
ation, the technology suited to fruit and vegetables is ad-
vancing rapidly. Increased speed of scanning by the hard-
ware, coupled to the accuracy of the resultant information, 
together with software becoming more advanced and able 

to calculate quality attributes more accurately and sort 
products accordingly, indicates that commercial usage of 
such systems could be viable. Hardware is even advancing 
to a stage where portable NIR systems are available and 
will be simple to use and calibrated for a wide range of 
products (Slaughter & Abbott, 2004). 

NIRS has proven to be a valuable analytical method in 
agriculture for the last 40 years. Further advances, over-
coming the restrictions such as speed and accuracy of de-
terminations relating to on-line evaluations during packing 
have been made in recent years. There is thus potential 
for its implementation in the avocado industry, from ma-
turity testing, to sorting whole fruit on-line according to 
various quality factors, and quality control and assurance 
in processing. While further research will be necessary to 
fully utilise the potential of the technique, some aspects 
are suitable for upscaling to pack house operations, which 
has the potential to considerably enhance grower returns. 
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