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1 Introduction

Avocado must meet minimum quality levels to meet consumer expectations and encourage return
purchases. Avocado has to be harvested at the right stage, as maturity will not improve after
picking. Therefore, it is essential that the fruit has reached the required marketing preferences
before harvest.

For avocado, maturity is based on the measure of dry matter (DM) and is a standard tool used in all
avocado producing countries. This ensures fruit are of good quality — both taste, and ripe-fruit quality.
Research has shown a good relationship between dry matter content, fruit maturity and consumer
preference. In addition, poor or low DM fruit result in poor ripe fruit quality and has significantly
impacted on the reputation of the Kenyan avocado industry.

Here we provide a simple guide to dry matter testing and the recommended sampling points within the
production chain to ensure best practice and fruit quality outturns. The guide is divided into four
sections, as follows:

1) Recommended sampling points to monitoring maturity
2) How to sample tissue

3) How to dry tissue

4) How to calculate dry matter

As an example, the New Zealand avocado industry body has monitored the same five orchards
every year in three regions for over nearly 20 years, and carries dry matter testing on an
individual fruit basis to determine the spread of maturity. This involves up to 3 to 5,000 dry
matter measurements and shows the industries commitment and the importance of this area. In
addition, each orchard block must be “cleared” by sampling for DM analysis achieving average
of 24%.

2 Recommended sampling points for monitoring maturity / DM
along the production chain

2.1 Approving or “clearing” orchard near to harvest time (sampling
from orchard)

Aim
While decision support tools (DST) or other monitoring gives a broad idea on DM levels, differences
between individual growers — such as slope, aspect (north/south facing etc) can lead to DM

differences. Thus it is important to verify that fruit from a orchard or nearby area are harvested at the
minimum DM level.
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Methodology

Frequency: Sampling should be done about 10 to 20 days before expected harvest to allow for tissue
to be processed and dry, data to be examined, recommendations passed to growers and/or harvest
teams and planning and logistics can be carried out.

Orchard selection: Select representative blocks from the orchard(s). The number of blocks will
depend on the size of the orchard, topography (slope orientation — north / south etc), soil type and
knowledge of historical differences in terms of maturity differences and/or harvest timing.

Trees: The trees should be selected to be representative of the trees in the block. If at all possible, the
trees should not be at the end of rows, near the edge of the block, or in different soil types (e.g. old
stream bed etc). Trees should be located in a diagonal across the block (i.e. from more than one row).

Fruit harvesting: Early in the morning (e.g. 9 am) sample 21 fruit from at least 7 trees. Fruit should
be taken from around the trees (3 per tree). Fruit that should be sampled are those that are in the
“main flush” or the one that is likely to be harvested (i.e. not very small fruit for example). Place fruit in
a plastic bag for processing, keep out of direct sun and transport to the laboratory within a day of
harvest. If possible, avoid sampling in days immediately after significant rainfall as this will tend to
reduce DM.

Aim
Another place that DM monitoring can be carried out is on incoming fruit (e.g. in trucks) that arrive

destined for export or oil production. Verifying that fruit is not below maturity is an important step, and
for avocado oil extraction, the DM level will predict potential oil yield.

Methods

The number of samples per truck will depend on the number of growers or the variety of harvest
locations contained in the truck. The aim is to collect a representative sample from each “batch”.

Randomly collect a sample of 21 fruit from the crates in the truck as they are unloaded. Depending on
the number of crates, this could be one from each crate, or from every third crate (for example). Fruit
should be taken randomly from the crate and should represent the average size of fruit in the crate.

Hold fruit in the plastic bags in coolstore if fruit cannot be processed on the day of harvest, but process
within 36 hours of harvest.

Measuring dry matter:

Tissue should be sampled from each of 21 fruit and combined (see below).

There are a range of ways of measuring dry matter, each with pros and cons. The key issues to
balance are obtaining a representative sample from the fruit (which have LARGE variation in dry
matter around the fruit), the time it takes to prepare samples, and staff safety. The methods below are
well researched and accepted internationally.
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3.1 How to sample tissue for DM

We present below the destructive measurement of DM which is the most robust way to measure DM.
Non-destructive methods (for example NIR “guns”), are rapid, but the device is expensive
(USD10,000) and less accurate.

On receiving fruit in the packhouse laboratory, weigh 21 fruit to obtain total weight (and thus obtain
average fruit weight).

3.2 General methodology

A two decimal digital balance is recommended with connection to computer (saves time and data
entry errors).

Label the pre-weighed dishes (these should be temperature resistant), and care taken as plastic trays
(petri dishes) may melt in some drying systems.

Weighed tissue must be free of skin (peel) and seed coat tissue.

3.21  One fourth ('4) fruit “potato peeler” system
Equipment needed:

Kitchen potato or vegetable peeler

Small, sharp fruit knife

Fruit/vegetable dehydrator unit

Plastic Petri dish halves

Two-, or three-decimal place balance with data transfer cable
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Figure 1. From top left; cutting the fruit longitudinally with a sharp knife; removing the seed; scraping out the seed
coat; collecting thin slices of flesh from a halved avocado fruit after removing and discarding skin and stone; weighing
fresh flesh after zeroing balance; samples ready for drying.

Figure 1 shows the steps in the procedure to determine the dry matter of avocado flesh samples.

Using a sharp knife or a guillotine cutter, cut the fruit longitudinally in half

Eliminate the stone and seed coat

Peel the fruit to remove the skin (NB: minimise the flesh removed)

Using the potato or vegetable peeler, remove thin slices of flesh from all around the cut
Zero (tare) the balance

Capture the weight of an empty Petri dish lid

Spread at least 100g of the shredded avocado evenly amongst the Petri dishes.
Capture the weight of the dish and fresh avocado tissue

© © N o kDN PE

Place the dishes in a systematic order using your preferred method of drying (refer to next
section), and dry for a minimum of 24 h or until a constant weight is achieved. In the case of
the use of a dehydrator, a maximum temperature of 65°C, is recommended.

10. Continue this process until all the fruit have been prepared
11. Once fruit processing has been completed, clean all the equipment
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12. Preliminary investigations indicate that samples should have dried to constant weight after 24
h. This can be checked periodically during the season by comparing weights collected after
24, 26, and 28 h. The values should all agree to within less than 0.1 g. Capture the value of
the dish and dried fruit.

13. Complete the DM calculation in the spreadsheet and transfer the file to another computer for
backup and aggregation with Master record files.

3.2.2 Hoshi corer (or “Plugger”) method

Equipment:
1. Hofshi avocado corer
2. Small, sharp fruit knife, or scalpel
3. Chopping board
4. Plastic Petri dish halves — use small Petri dishes where analysing single fruit samples, and

large Petri dishes for bulk samples where there is more tissue
5. Two-, or three-decimal place balance with data transfer cable

Figure 2: From top left; collecting a core cylinder using Hofshi corer; seed, flesh, skin core from a single fruit prior to
dissection; slicing fruit flesh after removing and discarding skin and stone; dish of sliced fresh pulp from a single fruit;
weighing fresh flesh after zeroing balance; a layer of dried flesh samples in the dehydrator; a dish of dried flesh slices;
weighing the dish of dried slices.

Figure 2 shows the steps in the procedure to determine the dry matter of avocado flesh samples.
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e Using the Hofshi corer, extract a cylinder of stone and flesh from each fruit (NB: Ensure the
various nuts and screws on the corer (including on the top of the corer blade) are not loose as
damage to the corer will result.)

e Carefully remove the skin and seed coat from the flesh on each side of the stone using a
sharp knife keeping as much of the flesh as possible

e Zero (tare) the balance

e Capture the weight of an empty Petri dish lid

e Finely slice the plugs into thin sections (~1-2 mm thick to aid faster drying) and place into the
weighed Petri dish

e Capture the weight of the dish and fresh avocado tissue

e Place the dishes in a systematic order in the dehydrator tray and dry for a minimum of 24 h at
maximum temperature (assumed to be 65°C)

e Continue this process until all the fruit have been prepared

e Once fruit processing has been completed, clean all the equipment, particularly the Hofshi
corer

e Preliminary investigations indicate that samples should have dried to constant weight after 24
h. This can be checked periodically during the season by comparing weights collected after
24, 26, and 28 h. The values should all agree to within less than 0.1 g. Capture the value of
the dish and dried fruit

e Complete the DM calculation in the spreadsheet and transfer the file to another computer for
backup and aggregation with Master record files.

There are a range of techniques that can be used to dry avocado tissue samples, but the key is to “dry
tissue to a constant weight”. Key things to avoid are not drying it completely (which will give errors in
dry matter figures), or burning the sample. Thus, temperatures of = 65°C for 24 to 48 hours is
generally recommended, although this will be influenced by the amount and thickness of the tissues,
the ambient humidity and temperature, airflow of the dehydyrator etc.

To ensure tissue results are correct and repeatable, each system should be experimented with by the
company/laboratory to determine the conditions / time needed to achieve a constant weight. This
involves initially carrying out repeat weighing of samples to determine the time taken to achieve
constant weight (no further decrease in weight). For dehydrators and ovens, this might be, say 3 times
a day, while for microwave 1-2 minute intervals are likely needed.

Data should be typed (or directly downloaded by cable) immediately into a spreadsheet and the data
checked to ensure results are sensible. Saving the tissue for a few days may be wise so that if
problems or errors occur, tissue can be re-dried and reweighed.

Use of a domestic microwave oven is one possible technique to dry avocado tissue (Figure 3).
Because the ovens are readily available and the technique gives rapid results (within hours), this
system might be preferred by some exporters / packhouses.
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A standard amount of tissue should be used at each time to reduce the chance of burning of tissue, a
low power setting should be used. As noted above, each microwave will be different and testing of the
duration needed should be carried out until the time to achieve no further weight reduction. A
container of water should be placed in the corner of the oven to stop tissue being burnt.

For example, because microwave ovens vary, it is critical to start at a low power setting and gradually
work up to higher settings to prevent scorching. Suggested setting might be 40% power for 15
minutes. After weighing, microwave the sample again for 3 minutes at 40% power then reweigh. This
process is repeated at one minute intervals until no further weight loss is observed (after several times
of doing this, you can determine the proper power setting and approximate time). Avoid burning the
sample.

Negative aspects of this system is the high amount of labour that is required, potential
exposure of staff to microwaves (e.g. opening doors without waiting for 5 seconds), and
possible user variability. It does however give rapid answers (a few hours). By comparison, a
drying oven or domestic dehydrators will generally give results in 1-2 days with very minimal

labour and also gives the ability to process many hundreds of samples.

Figure 3. A domestic microwave unit like this is one possible technique to dry avocado tissue.

3.3.2 Dehydrator

Domestic dehydrators are cost effective and readily available, cheap, and many dehydrators can be
used at one time (Figure 4). These are used extensively for commercial systems in New Zealand with
great reliability and minimal labour input. Petri dishes of avocado tissue is placed in the dehydrator
trays which can be stacked up. One negative of this system is that layers at the bottom tend to dry
faster than the top (air-flow is bottom to top). So care is needed to ensure variability is not a problem.
Drying time is generally 1 to 2 days, and 2 days is very reliable.

Suitable brands include:

1. Ezidri brand (https://hydraflow.co.nz/product/ezidri-ultra-fd1000-digital-dehydrator/), available
in South Africa through https://www.naturalwise.co.za/Ezidri-Ultra-dehydrator-FD1000- .

2. Similar units sold in Kenya - https://www.jumia.co.ke/mlp-food-dehydrator/; and
https://www.whizz.co.ke/products/home-garden/small-appliances/specialty-
appliances/dehydrators&skip=0&limit=24&brands=nutrichef/?page=1
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Figure 4. Some examples of domestic fruit and vegetable dehydrators.

3.3.3 Drying oven

Drying ovens are more expensive, but have the capacity for many samples (on metal shelves), and
the drying is even and more predictable (Figure 5).

Figure 5. A drying oven like this offers even and more predictable drying.

3.4 Calculate percentage of dry matter

Use the following calculation:

Weight of dried avocado sample (minus weight of container) X100
Weight of fresh avocado sample (minus weight of container)

Data should be entered into a spreadsheet, and a cable system can be used to automate data input
from the electronic balance to the spreadsheet (Figure 6).
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Home Insert Pagelayout Formulas Data
CEGIEIEECY « E=Z =B ¢
Al - f | Date
A 8 c [} E F G H i ) K L M N o
Orchard Dish + Dish +
number / Dish |Wet  |wet Dry Dry
1 |Date identifier VARIETY  |DishNo | weight |weight |weight |Weight |weight |DM3%
2 12042017 H 1| 816 2103] 1287, 1083] 277 215%
3 12.04.2017 H 2| 826 2344 1518 1185]  359) 236%
4 12042017 H 3] 826] 2100 1275 1167 341 26.7%
5 12.04.2017 H 4 819 2| 1581 1179 36]  228%
6 12.04.2017 H 5 88 2541 1661 132 4.0]  26.5%
7 12.04.2017 F 1 82 2282 1462] 1234 414] 283%
8 12.04.2017 F 2] 822 2114 1292 1200] 379] 293%
9 12.04.2017 F 3| 829] 2248 1419 124 auil 29.0%
10 12.04.2017 F 4] 831] 2335] 1504] 1298] 467 311%
1 12.04.2017 F 5| 879 2571 1692 1322 443 262%
12 12.04.2017 F 1| em| 2332 1421 1329]  aas] 294%
13 12.04.2017 F 2| 913] 238 147 1345] 432[ 29.4%
14 12.04.2017 F 3| 897] 23.8] 1419 1305 408 288%
15 12.04.2017 F 4] 895|477 1582 1314] 419 265%
16 12.04.2017 F 5| 878 2317 1439 13.06] 428 29.7%
17 12.04.2017 ¥ 1 929 255] 1636 1321 392]  24.0%
18 12.04.2017 F 2]  so9s] 23.12] 1414 1277] 379 268%
19 12.04.2017 F 3| 824 2196] 1372 1128] 304] 222%
20 12.04.2017 F 4] 91a] 2723 1809] 1429 515 285%
21 12.04.2017 F 5| 873 2678 1805 1354] 481 266%
22 12.04.2017 F 1| 82 10.42) 1134 1134]  306] 275%
23 12.04.2017 F 2| s79] 2335 1456 1219 34]  234%
24 12.04.2017 F 3] 9m1| 2086 1175 1208 298 254%
25 12.04.2017 F 4l 92a] 2644 172 1337]  a13] 24.0%
26 12.04.2017 F 5| 918] 2382 1464] 1272] 354 243%
Data ® ‘

Figure 6. A sample spreadsheet to allow for a more efficient and error free data inputting.
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DISCLAIMER

Every effort has been made to ensure the accuracy and completeness of the information. However, this factsheet makes
no warranties, expressed or implied, regarding errors or omissions and assumes no legal liability or responsibility for loss or
damage resulting from the use of information contained in this document.

ACCEPTANCE

Retaining possession of this document shall constitute acceptance of the foregoing conditions. If these conditions are
not acceptable, please read no further and return this document to the New Zealand Ministry of Foreign Affairs and Trade
without copying.

New Zealand Ministry of Foreign Affairs and Trade
195 Lambton Quay

Private Bag 18 901

Wellington 6160

New Zealand

Telephone: +64 4 439 8000
Facsimile: +64 4 472 9596
E-mail: enquiries@mfat.govt.nz

COPYRIGHT
No part of this document may be reproduced, stored in retrieval system, or transmitted in any form, by any electronic or mechanical
means, by photocopying or recording, or otherwise, without the prior written permission of the copyright holder.

@2021 New Zealand Ministry of Foreign Affairs and Trade
All Rights Reserved

New Zealand Ministry of Foreign Affairs and Trade
195 Lambton Quay

Private Bag 18 901

Wellington 6160

New Zealand

Telephone: +64 4 439 8000
Facsimile: +64 4 472 9596
E-mail: enquiries@mfat.govt.nz

For further information please contact:

Dr. Guinevere I. Ortiz

Plant & Food Research Auckland
Private Bag 92169

Auckland Mail Centre

Auckland 1142

NEW ZEALAND

Tel: +64 9 925 7000
DDI: +64 9 925 7232

Email: Guinevere.ortiz@plantandfood.co.nz
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