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Abstract of a thesis submitted in partial fulfilment of the requirements for the

Degree of Master of Science

COMPARISON OF NEW ZEALAND (SOUTH ISLAND) AND AUSTRALIAN
(TASMANIAN) WALNUT CULTIVARS:
AN ORGANOLEPTIC AND BIOCHEMICAL STUDY.

By Leo P. Vanhanen

Seven different cultivars of walnuts (Juglans regia L.) grown in Australia (Tasmania) were
compared with 6 cultivars grown in New Zealand (Canterbury). A preliminary assessment of
the physical attributes and taste of all the nuts was carried out by members of the New
Zealand Walnut Industry Group. The overall assessment scores of the Tasmanian walnuts was
73 (out of 100) compared to 65 for walnuts grown in Canterbury. While most of the attributes
between the two groups of nuts were similar, the overall crackout score of the Tasmanian nuts
received a perfect score of 20 while the Canterbury walnuts scored a mean of 14 for all of the
six cultivars.

The two groups of walnuts were then subjected to organoleptic assessment using 59 untrained
tasters. The tasters recorded their impressions of the taste and after taste of all the nuts using a
five point hedonic scale. The overall taste and after taste scores for the Tasmanian and
Canterbury walnuts were very similar but individual cultivars Earnscleugh, Vina and Fernette
achieved higher scores for taste when compared with all of the other cultivars evaluated while
Fernette grown in Tasmania was given the highest overall score for the attribute after taste.
Overall the cultivar Fernette grown in Tasmania had the best mean scores for both taste (3.5)
and after taste (3.5) which were significantly greater than all of the other cultivars.

All the walnuts were subjected to general proximate analysis, individual fatty acid analysis,
tocopherol and phytosterol profile, and total and free phenolic analysis.

There were no conclusive differences between Australian and New Zealand grown walnuts
when comparing the proximate analysis, fatty acid profile, tocopherol profile, phytosterol
profile or phenolic analysis.

This is the first time the total and free phenolic content of New Zealand and Australian walnut
cultivars has been reported. The free phenolic levels ranged from 10.9 t016.6 mg gallic acid
equivalents(GAE)/g dry weight(DW) of walnut kernel, for cultivars Kirwee and Howard
respectively. The total phenolic level ranged from 14.0 to 24.7 mg GAE/g DW of walnut
kernel, for cultivars Serr (New Zealand) and Vina (New Zealand), respectively.

There were no unusual observations or statistical differences when comparing the
organoleptic and biochemical parameters between the different walnut cultivars.

A correlation between the organoleptic and biochemical results was performed which showed
no statistically significant correlations between any of the parameters determined.

Keywords: Walnut, Juglans, sensory evaluation, taste, consumer panel, biochemistry New
Zealand, South Island, Australia, Tasmania.
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Chapter 1

Introduction

In the late 1970’s the first walnut cultivar comparison was started in New Zealand and in
1985 and 1987 replicated trials at Lincoln University compared horticultural performance of
walnuts sourced from Europe, The United States of America and New Zealand (McNeil and
Savage, 2001). From these trials better performing cultivars were selected for commercial

production.
Since then no variety comparisons of local or imported cultivars have been performed.

The walnut industry in New Zealand has arrived at the cusp of requiring more investment and
development. The New Zealand Walnut Improvement Group (NZWIG) has identified the
need to import new walnut cultivars into New Zealand to diversify the New Zealand selection,
with the objectives of improving plant quality and shelled walnut quality.

There are numerous new large walnut orchards being planted or to be planted at present and
one of the keystone questions is what cultivar to plant? This can be answered on two levels,
from a horticultural perspective or from a food science perspective, as the ultimate end
product is a high value food.

To perform proper growth trials would require planting a large range of cultivars, monitoring
during growth and taking the first harvest in 6 to 8 years. This becomes a long term research

project and a costly exercise.

In the absence of growth trials being set up it is proposed to assess potential new cultivars

organoleptically and biochemically.

The food science approach may not replace the ultimate horticultural approach, but it will
help to make a more educated, scientific and “based on fact” decision to which cultivars

would be favourable to be introduced into New Zealand.
This approach also has the advantage it will take substantially less time and cost less.

Australia has a more advanced walnut industry, compared to New Zealand, and grows both
similar and different cultivars with varying commercial success. Tasmania is known for its
quality of the walnuts its grows. One of the reasons why Tasmania produces quality walnuts
is its temperate climate, which is often compared to the climate in the South Island of New

Zealand.



Walnut growers and other horticulturists have commented on the similar weather and
growing conditions between the two regions (Tasmania and the South Island). This point was
made clearly in a report to NZWIG after a visit to a number of walnut orchards in the

Swansea area, near Launceston in Tasmania (Clive Marsh, 2009, pers. comm.).

However other potential differences may occur due to differing horticultural practices, such as

irrigation, fertilisation and pruning regimes.

A comparison of the climatic data recorded at the Lincoln University weather station
(S43°38'41", E172°27'22") and Swansea Post Office, Tasmania (S42°7'25", E148°4'30",
Australian Bureau of Meteorology) can be seen in Table 1. The Swansea Post Office weather
station was chosen as this is the closest site to Tasmania’s major walnut producer, Webster’s

Walnuts, main orchard of 550 hectares.

Table 1.1 Comparison of climate statistics, from Lincoln University, Canterbury, New

Zealand and Swansea Post Office, Tasmania, Australia.

Lincoln Swansea
Years' Years
Mean rainfall (mm/year) 643.7 39 593.3 125
Mean solar exposure (MJ/m?) 13.4 39 14.7 19
Mean maximum temperature (°C) 16.6 39 17.9 52
Mean minimum temperature (°C) 6.3 39 7.8 52

1 Years of data collection.

It is proposed to sample 7 different cultivars of walnuts harvested at maturity from
commercial orchards in Tasmania, Australia and 6 different cultivars from the South Island of

New Zealand, were chosen to be assessed.

These will then be analysed for biochemical quality parameters: total fat, total protein, total
fibre, fatty acid profile, tocopherol profile, phytosterol profile and physiological parameters

such as shape characteristics, shell seal and percent crackout.

The walnuts will also be subject to taste and appearance evaluation. The data sets will then be

statistically analysed to establish any correlations and inter-relationships



To conclude, this research was initiated and was funded by the Walnut Industry Group
(WIG) to assist them with their objectives of promotion of quality standards, education,
collaboration and increasing knowledge of walnut taste properties, composition and

nutritional quality, for all walnut growers.

1.2 Objective and hypotheses

1.2.1 Objective 1. Organoleptic comparison.

The comparison between different cultivars and the same cultivars grown in both locations,
was carried out to investigate whether there are organoleptic differences between walnut
cultivars grown in Tasmania compared to those in the South Island of New Zealand ?.

Hypothesis 1.

The organoleptic evaluation of walnuts has been used previously, for example, to evaluate the
quality of y-irradiated walnuts (Mexis and Kontominas, 2009) and it has also been used to
evaluate the taste of walnuts in packaging and storage condition experiments (Mexis et al.,
2009; Jensen et al., 2003).

Sinesio and Moneta (1996) established groupings of walnuts by geographical regions, using
PCA analysis of the sensory evaluation descriptors they used to evaluate the walnuts. The
importance of the walnut kernel flavour/taste and selection of the corresponding cultivar(s), is

highlighted in all of the preceding reports.

It is hypothesised that at least 1 or more new walnut cultivar(s) will score highly in the

organoleptic testing and therefore be identified as a potential importation candidate(s).

It is also hypothesised that since the growing conditions are similar, there will only be minor

taste differences between the same and different cultivars grown in the 2 locations.

1.2.1 Objective 2. Biochemical comparison.

Determine any biochemical differences between cultivars grown in Tasmanian compared to

South Island. Are there differences between cultivars ?.



Hypothesis 2.

The biochemical properties of walnuts are generally well known and recorded (USDA, ARS
Nutrient database, 2009). The Biochemical properties of most of the New Zealand grown
walnut cultivars has been determined previously by Zwarts et al. (1999) and Savage (2001).
These sorts of investigations have also been carried out by other researchers, on walnut
cultivars grown in their home countries, for example Ruggeri et al. (1998), determined the
chemical composition of walnuts grown in Italy. Sze-Tao and Sathe (2000) reported the

proximate composition of walnuts grown California, USA.

There are few, if any inter-country comparisons of walnut biochemical compositions.
Therefore it is proposed to compare the biochemical profile of the walnuts grown in Tasmania
to those grown in the South Island, this will include cultivars that are the same and different.
Since the meso-climate of the two regions is very similar it is hypothesised the biochemical

profile will be very similar.

It is also proposed to compare and correlate the biochemical profile of the walnuts analysed to

the organoleptic results.

The correlation of visual appearance to taste of the walnut has been done by Colari¢ et al.
(2006), but they found no correlations. They found the assessors had quite different
perceptions in tasting the kernels.

It is hypothesised that one or more significantly higher scoring organoleptically walnuts will

have a significantly different biochemical profile and this will be identified.

1.2.3 Objective 3. The scientific evaluation of in-shell and shelled walnuts.
What are the quality parameters that define an in-shell and shelled walnuts, as defined by
different countries and international organisations. Compare and make suggestions with

respect to the international standards.

Hypothesis 3.

In modern food production the quality parameters of the food are important, as they need to

be matched to the type of post-harvest processing used and the final end product use.



All foods available in New Zealand and Australia are regulated by the Australian and New
Zealand Food Standards Code (ANZ FSC , 2009). A standard for walnuts can be found in
Standard 2.3.1 Fruits and Vegetables , which includes nuts (Appendix A.1).

There are other standards for walnuts, the United Nations Economic and Social Council (UN
ESC) have recently published a standard for in-shell walnuts (UN ESC, 2008). The United
States Department of Agriculture (USDA) has standards for shelled and in-shell walnuts
however these are quite old 1968 and 1976 (USDA, 1968, 1976), copies can be found in
Appendix A.2, 3 and 4 respectively.

Balta et al. (2007) defined the physical characteristics of walnuts grown in the Bitlis province
of Turkey. In this study 17 different cultivars had seven different shell characteristics
determined, such as shell thickness and seven different shelled nut characteristics, such as nut
colour. There are few published details documenting accurate data such as this.

In the late 1970’s the then Walnut Action Group (WAG) originally imported walnut cultivars
into New Zealand. The WAG created an assessment guide to evaluate the quality of the
inshell and shelled walnuts from the first harvests from these trees. This same walnut
assessment guide will be used to evaluate the overall quality of the walnuts proposed to be

imported into New Zealand from Tasmania, in 2009.

The guide covers seven points, which are primarily of importance to processing the nut, but

do also indicate the overall quality of the nut.

It is hypothesised that the comparison of the WAG walnut assessment guide will not correlate
well with the results of the organoleptic evaluation (Objective 1) and the biochemical profile

(Objective 2). As the WAG walnut assessment guide is only performed by a small number of
people, the scoring method used is not as statistically robust and there are no scientific

analyses carried out as part of the assessment.



Chapter 2

Literature Review

2.1 Organoleptic study of walnuts

The organoleptic study of walnuts could include not only the taste but also the visual

appearance and physical size of the walnut.

The organoleptic evaluation (tasting) of walnuts has been used previously, for example, to
evaluate the quality of y-irradiated walnuts (Mexis and Kontominas, 2009) and it has also
been used to evaluate the taste of walnuts in packaging and storage condition experiments
(Mexis et al., 2009; Jensen et al., 2003).

A full descriptive analysis was carried out by eight highly trained panellists to determine
differences between Persian (Juglans regia L.) and black (Juglans nigra L.) walnuts grown in
United States of America (Warmund et al., 2009). The panellists agreed upon one aroma, 11

flavour and 10 textural descriptive terms and definitions to evaluate the walnuts on.

Bujdosé et al. (2006) organoleptically tested a range of Hungarian cultivars and potential
candidates for registration on the Hungarian National List, to find out whether any given
variety is more appealing in the shell or kernel. They used basic taste, skin colour, skin
surface and kernel colour, to evaluate the Hungarian walnut cultivars. An expert panel was

used to judge the walnuts.

Colari¢ et al. (2006) used six descriptors for external appearance and six descriptors for taste
to evaluate differences between ten different walnut cultivars grown in Slovenia, with a panel
of 40 non-expert tasters. Some of the cultivars were the same as those grown in Tasmania,

Australia and used in our trial.

Sinesio and Moneta (1997) did an in-depth descriptive analysis of six different cultivars,
eighteen samples in total, from five different countries (France, Greece, Italy, Portugal,
Spain). The panel consisted of seven highly trained assessors, whom agreed on 15 sensory

variables to describe the visual appearance and flavour of walnut kernels.

The importance of the walnut kernel flavour/taste and selection of the corresponding

cultivar(s), is highlighted in all of the preceding reports.

Sinesio and Moneta (1997) established groupings of walnuts by geographical regions, using
Principal Component Analysis (PCA) analysis. The sensory evaluation descriptors Sinesio



and Moneta (1997) used were able to distinguish and group walnuts from different countries,
there were also different countries within the same groups. Therefore walnuts grown in
different countries are likely to taste different, however some countries did show similarities
in taste.

2.2 Biochemical study of walnuts

The biochemical and chemical composition of walnuts, in general has been well studied,
however the composition of properly named different cultivars of walnuts has not occurred

until relatively recently.

Ruggeri et al. (1998) is the earliest journal reference concerning the chemical composition of
named walnut cultivars. In this study the proximate analysis, soluble sugar content and amino
acid content of the walnut cultivars Sorrento, Franquette, Hartley and Trento were reported.

The context of this research was the comparison of different walnut cultivars to other tree nut

crops grown in Italy. This theme of research is common when walnuts are studied.

The general proximate analysis of 12 different cultivars of walnuts grown in New Zealand is

reported by Savage (2001).

The crude protein ranged between 13.6 to 18.1, the total lipid 62.6 to 70.3, ash 1.9 to 2.4,
starch 1.5 to 2.8, dietary fiber 3.1 to 5.2, ADF 2.2 to 3.8 and NDF 3.3 to 4.4 g /100g DM

walnut.

This range of proximate measurements included five cultivars grown in New Zealand of
European and United States origin. All these values are comparable to values quoted by
Ruggeri et al. (1998). No similar studies specifically on Australian grown cultivars have been

performed.

Fatty acid profile
The walnut kernel has been reported to contained between 52 to 70% total lipid (Prasad,
1994). This is dependent on the type of cultivar, growing location and other growing variables

, such as irrigation.

There are normally five fatty acids found in walnuts at a level above 1% relative total

composition, for example palmitic, stearic, oleic, linoleic and linolenic.



Li et al. (2007) identified 30 different fatty acids that were below 1% relative composition,
in Combe Persian walnuts. The fatty acid profile of New Zealand walnuts has been done by
Savage et al. (2001), who identified the common five and two more, below 1% relative

composition, these are D-vaccenic and gadoleic.

A study by Zwarts et al. (1999) on the fatty acid content of walnuts grown in New Zealand,
concludes that New Zealand grown walnuts had a distinct fatty acid profile. The New Zealand
grown walnuts had a fatty acid profile that was more variable, compared to the fatty acid

profiles of walnuts from European and USA grown nuts.
There have been no specific studies on the fatty acid profile of Australian grown walnuts.

All of the bioactive compounds to be found and identified in walnuts has not yet been
achieved, however there are several groups of compounds responsible for bioactivity that

have, these are tocopherols, phytosterols and phenols.

Tocopherol

Alpha, B,y and & tocopherols have been identified in walnuts from around the world (Amaral
et al., 2005; Crews et al., 2005; Li et al., 2007, Savage, 2000). No tocotrienols have been
detected in walnuts from New Zealand (Savage, 2000) and Crews et al. (2005) did not detect
any tocotrienols in authentic walnut oils from China, France, Hungary, India, Italy, Spain and
USA.

Amaral et al. (2005) studied nine different cultivars from two different geographical locations
in Portugal and found y-tocotrienol in all samples. The amounts ranged from 2.25 to 5.14

mg/kg compared to total tocopherols in walnuts ranging from 194 to 632 mg/kg.

The small amount of tocotrienols present compared to the total tocopherols and the fact
Amaral et al. (2005) detected tocotrienols across a range of different cultivars, suggests other

researchers have perhaps not used an analytical method sensitive enough.

Amaral (2005) compared the tocopherol content of walnuts from 2 geographical locations in
the same country (Portugal) and found differences in the tocopherol content, however these

were not significant. Significant differences were observed when cultivars were grouped by

the year of production, indicating differences were due not only due to genetic factors but

influenced by environmental factors as well.



Phytosterol

The analysis and identification of phytosterols in walnuts is not commonly done. Several
researchers have analysed walnut oils for phytosterols (Martinez et al, 2006; Schwartz et al,
2008; Vanhanen et al, 2005). Since sterols are only found in the lipid fraction it is valid to use

such data for comparison.

The total phytosterol content of walnuts has been reported to range from 1,060 mg/kg — 1,770
mg/kg by Philips et al. (2005), 2,030 to 2,855 mg/kg by Savage et al. (2001) from 12 different
New Zealand cultivars, 1,129.5 mg/kg by Maguire et al. (2004) and 2,340 mg/kg by Schwartz
(2008). This indicates there is a lot a variability in phytosterol amounts in walnuts grown from
around the world. It is not known if this is due to differences in geographical locations,

climate or genotype differences

In all the literature the most predominate phytosterol is 3-sitosterol, but similarly the
percentage contribution has a large range, this being 65%, 78% 66% and 62% of the total

sterols.

Again no conclusions can be made about the variation in the 3-sitosterol constant as there

have been no studies performed specifically addressing this.

Phenols
Phenols in walnuts could be classified as a plant phytochemical (Chen and Blumberg, 2008),
as are phytosterols, carotenoids and other groups of compounds that may affect a person’s

health either positively or negatively.

Phenols in plant derived foods are a very diverse group of compounds. To date it is estimated
that there are more than 6,000 different types of phenols (Taiz and Zeiger, 2002). Phenolics
can be found in all parts of a food, for example, the shell, leaf and kernel of a walnut. With

varying amounts and types of different phenols from different parts of the walnut.

Based on their fundamental chemical structure phenols can be divided into two major groups
called non-flavonoids and flavonoids. Within these two major groups there are many different

sub-groups.

Very little , if not any, research has been done to identify and characterising walnut kernel

phenols.
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Liu et al. (2008) has identified three diarylheptanoids and an a-tetralone in green walnut
husks of an unspecified cultivar. Olvereira et al. (2008) has reported the total phenolic content

of aqueous extracts of green walnut husks from five cultivars found in Portugal.

Pereira et al. (2007) has reported the phenolic profile of walnut leaves, identifying 10
aqueously extracted phenolic compounds from six different walnut cultivars grown in

Portugal. It is important to note that walnut green husks and leaves are not normally eaten.

Researchers have reported the total phenolic content of walnut kernels, however most of the
studies are not specific to walnut cultivars, and are done as a consequence of surveying a
range of nuts or similar food types (Arcan and Yemenicioglu, 2009; Chen and Blumberg,
2008; Gunduc and El, 2003; Kornsteiner et al. 2006). Arcan and Yemenicioglu (2009)
reported a range of 175 to 414 mg gallic acid/100g dry weight walnuts. Gunduc and EI (2003)
reported 7,051.74 mg catechin /kg walnut. Chen and Blumberg (2008) and Kornsteiner et al.
(2006) both report similar amounts, 16.3 mg gallic acid equivalents/g and 1,625 gallic acid
equivalents /100 g fresh weight walnuts, respectively. In both Chen and Blumberg (2008) and
Kornsteiner et al. (2006) walnuts had the highest total phenolic content compared to all the
other nuts in their studies (almonds, brazil nuts, cashew, hazelnuts, macadamias, peanuts,

pecans, pine nuts and pistachios).

Pereira et al. (2008) analysed six different cultivars of walnuts grown in Portugal, values

ranged from 60.83 to 95.06 mg gallic acid equivalents/g walnut extract.

There is no published data on the phenolic profile or total phenolic content of different walnut

cultivar kernels grown in New Zealand or Australia.
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Chapter 3
Materials and Methods

3.1 Walnut selection

A total of 13 different cultivars of walnuts (Juglans regia L.) in the shell were chosen for this
study. Seven cultivars from trees growing in Tasmania, supplied by Webster’s Walnuts,
Tasmania, Australia: Chandler, Fernette, Fernor, Howard, Lara, Serr and Vina. They were
imported to the Lincoln University, Ministry of Agriculture and Forestry (New Zealand), PC1
accredited facilities. All organoleptic and biochemical assessments on the imported walnuts
were carried out in Lincoln University PC1 accredited faculties. Any unused walnuts, shells,

kernels or any waste was autoclaved prior to disposal.

Six cultivars of walnuts, currently grown in New Zealand were supplied by Cracker of a Nut,

West Melton, New Zealand: Rex, Meyric, Serr, Vina, Kirwee and Earnscleugh.

3.2 Organoleptic Analysis

3.2.1 Initial assessment

A group of six New Zealand Walnut Industry Group committee members carried out an initial
physical and taste evaluation of the Australian (Tasmania) walnuts. As a result of this initial
assessment of the walnuts imported from Australia the parameters for the later organoleptic

tests were decided upon for all of the walnuts.
The initial assessments carried out were:
1. Shell Attractiveness.

This is an overall visual assessment on the appearance of the in-shell walnut. Taking

into account the smoothness, colour, shape and size. This was scored out of 20 points.
2. Shell seal and strength.

Twenty walnuts were dropped from shoulder height onto a concrete paver and then
manually squeezed to test whether the walnut seal opened. One point is scored for

every walnut that is firmly intact.

3. Crackout %.
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Crackout percentages were calculated by weighing 20 randomly selected walnuts in
the shell, the kernels were then manually separated from the shell and weighed. The
ratio of walnut kernel to whole walnut is then expressed as a percentage. Any result
over 50% or over gets 20 points. For results below 50%, 2 points are taken off, a

starting value 20 points, for every 1% down on 50%.
4. Ease of extraction.

Does the walnut kernel come easily out of the shell? Scored out of 10 points.
5. Kernel shape.

Does the kernel come easily into halves? Is there uniformity and consistency in the

half shape? Scored out of 10 points.
6. Kernel flavour.

The overall flavour of the walnut kernel was scored out of 10 points. Ten being the

most pleasant tasting.
7. Kernel colour.

The overall colour of the walnut kernel was scored out of 10 points. Ten points having
a honey blond colour.

The scores are then added up to 100 points and each cultivar is given an overall mark out of
100. A copy of the evaluation sheet used can be seen in Appendix A.5. The walnuts were

freshly hand cracked and labelled using a random 3 digit number as seen in Figures 1 and 2 .

3.2.2 Organoleptic assessment

All 13 different walnuts were freshly shelled and subjected to a panel tasting using a 5 point
hedonic scale, to measure taste (initial or first taste) and after taste (taste in the mouth after a
few seconds). The words chosen to anchor the scales were, flavoursome - very pleasant,
flavoursome, mild taste, tasteless - bland, awful, for both taste and after taste. With 5 being
flavoursome and 1 being awful. A copy of the evaluation sheet used can be seen in Appendix
A.6.

Walnuts were labelled using a 3-digit random number and presented in a random order to

panellists in plain white polystyrene cups.



Figure 3.1 Coded New Zealand walnuts.
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Figure 3.2 Coded Australian walnuts.
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Panellists were asked to work in pairs, with one member of the pair being blindfolded, the
other presenting the walnuts and recording the response. No communication was allowed
between the pairs and a micro-break with the consumption of water was enforced between

each walnut (Figure 3.3).

A total of 59 panellists performed the evaluation. Panellists were sourced from the Canterbury
Branch of the New Zealand Walnut Association and from staff and students of Lincoln

University, New Zealand.

Figure 3.3 Organoleptic assessment of walnuts.

3.2.3 Statistics

All results were collated with Microsoft ® Excel 2003 and statistical analysis was performed
using Minitab 15 ® ver. 15.1.0.0. 2006.

A one-way ANOVA was carried out to determine the specific statistical differences on the

mean results of the data sets.

Descriptive statistical tests were also performed on the data to indicate dispersion, skewness
and help indicate any trends.
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3.3 Biochemical analysis

All chemicals and solvents used in the following analyses were of analytical grade and
purchased from VWR International Ltd, Leicestershire, U.K. unless otherwise stated.

3.3.1 Lipid extraction.

Lipid samples were extracted from the freshly cracked in-shell walnut kernels, using a
modified method of Savage et al. (1997). In brief, approximately 5g of kernel was extracted
for 1 hour, in 30 mL of hexane/isopropanol (3:2 v/v) at room temperature, in steel tubes
containing four stainless steel ball bearings. The homogenate was then centrifuged and the
supernatant washed with 20 mL of 6.7% w/v aqueous sodium sulphate.

The supernatant was then transferred into 100 mL round-bottom flasks and evaporated to
dryness using a Biichi Rotovapor-R (Postfach, Switzerland) set at 35°C, samples were stored

under nitrogen gas (oxygen free) at -20°C prior to analysis.

3.3.2 Proximate analysis.

The following proximate analyses were performed on freshly cracked walnut kernels.
Moisture was determined gravimetrically, by drying in a oven at 100°C for 48 hours. Ash
content was determined gravimetrically by incinerating in a muffle furnace for 16 hours at
550 °C.

Acid detergent fiber (ADF) and neutral detergent fiber (NDF) were determined
gravimetrically using the method used by Van Soest (1991). Total lipid content was
determined gravimetrically, using an automated soxhlet extraction (Tecator Soxtec 1043) and
petroleum ether as the solvent. Total crude protein was determined using an automated

kjeldahl process (Tecator Kjeltec 1035).

3.3.3 Fatty acid analysis.

Lipid samples from the extracted walnut kernels were methylated according to the method
described in Savage et al. (1997). In brief, 10 mg of extracted lipid was accurately weighed

and dissolved into 500 pL of hexane. Two mL of 0.01M NaOH in dry methanol (SeccoSolv,
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Merck, Darmstadt, Germany) was added to the sample and incubated for 10 minutes at 60

°C. To esterify, 3 mL of 20% boron trifluoride methanol complex (Merck, Darmstadit,
Germany) was added and incubated for a further10 minutes at 60°C. Two mL of 20% aqueous
NaCl was then added and 1 mL of hexane. The sample was then centrifuged and the hexane

layer removed and stored under N,(oxygen free) and -20°C prior to immediate analysis.

Methylation was confirmed by spotting 10 pL onto a silica gel 60, glass thin-layer
chromatography plate (Merck, Darmstadt, Germany). The plate was run with hexane:diethyl
ether:acetic acid (85:15:1, v/v/v) as a mobile phase and developed by spraying with
molybdate phosphoric acid in 10% ethanol:ether(1:1, v/v) and heating for 15 minutes at 120
°C.

Analysis of the fatty acid methyl esters (FAME) was performed on a Shimadzu gas
chromatograph GC-2010 with a AOC-20i auto-injector and flame ionization detector. A
Hewlett Packard INNO-Wax capillary column (Agilent Technologies, Santa Clara, CA,
United States), 30 M long with an internal diameter of 0.25mm and film thickness of 0.25 pm

was used for analysis.

One pL of methylated sample was injected at a split ratio of 30:1 into the injection port , held
at 230°C. The carrier gas used was Helium (zero grade) held at a constant flowrate of 0.80
mL/min. Initially the column was held at 160°C for 5 minutes, then the temperature was

increased at a rate of 1.6°C per minute until reaching a maximum temperature of 240°C .

Peak identification was performed by comparison of peak retention times to commercially
prepared FAME standards 15A and 68A (Nu-Chek Prep, Inc. Elysian, MN, United States).

Raw data capture and peak integration was performed using Shimadzu Lab Solutions ver2.3.

3.3.4 Tocopherol analysis.

Tocopherols were analysed by HPLC according to the method described by Dutta et al.
(1994). Lipid extracts were diluted (1:100) with n-heptane (LiChrosolv, BDH, UK). The
diluted lipid sample was then was injected into a Waters 7725 Rheodyne injector with a 10 puL
sample loop and 510 HPLC pump (Waters, Milford, USA). A Varian LC 9070 fluorescence
detector (Varian, Walnut Creek, USA) was used for the detection of tocopherols at
wavelengths of 294 nm and 320 nm for excitation and emission, respectively. A Lichrospher
100 NHz, (250 x 4mm, particle size 5 um, Merck, Darmstadt, Germany) coupled to a
LiChroCART 4-4 (Merck, Darmstadt, Germany) guard column was used to analyse the
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samples. An isocratic elution was carried out using a mixture of heptane:tert-
butylmethylether:tetrahydrofuran:methanol (LiChrosolv, Merck, Darmstadt, Germany)
(79:20:0.98:0.02, v/viviv) at a flowrate of 1.2 mL/minute. Identification of peaks was
performed by the comparison of retention times to a standard reference mix of a, 3, y and &
tocopherols (Supleco, Bellefonte, PA, USA) and a, B, y and d tocotrienols, which were kindly
supplied by Professor P.D. Dutta of SLU, Sweden. Integration of peaks was accomplished by
a HP 3396A integrator (Hewlett-Packard, Avondale, USA). External standard curves were
used for the quantification of tocopherols and tocotrienols by dilution to four concentrations,
1,5, 10 and 50 ng/10 pL.

3.3.5 Phytosterol analysis.

Phytosterol analysis of extracted lipids was performed according to the method described in
Damirchi et al., (2005). In brief, 20 mg of lipid was saponified with 1 mL of 2M potassium
hydroxide at 60°C for 45 minutes. To this 1 mL of water, 2 mL of hexane and 200 uL of
absolute ethanol was added, and mixed thoroughly. The hexane layer is removed and
evaporated to dryness under oxygen free nitrogen gas. Trimethylsilyl (TMS) ether derivatives
were then prepared to enable the GLC analysis of the phytosterols. To each sample 100 pL of
Tri-Sil reagent (Pierce Chemical Co. Rockford, USA) was added and incubated for 45
minutes at 60°C. The remaining solvent is evaporated under oxygen free nitrogen gas, then

500 uL of hexane is added in preparation for gas chromatographic analysis.

Gas chromatographic analysis was carried out on the silated sample using a fused silica
capillary column DB-5Ms 30 m x 0.25 mm, 0.50 pm (J&W Scientific, Folsom, USA). The
column was connected to a Chrompack CP 9001 gas chromatograph (Chrompack,
Middelburg, The Netherlands) with a flame ionization detector. The oven was initially set at
60°C for 1 minute then increased at a rate of 40°C/minute, to a maximum temperature of
310°C for 27 minutes. Quantification was performed by using 5a-cholestane as an internal
standard and results calculated relative to a-cholestane. Peak areas were calculated using
Maestro version 2.4 (Chrompack, Middelburg, The Netherlands).

The internal standard, 5a-cholestane, was prepared by accurately weighing 5 mg of 5a-
cholestane (Sigma, St Louis, USA) into a 25 mL volumetric flask and making up to the
volume with hexane. Seventy five puL of this was added to each sample, approximately 15 pg

of internal standard per sample.
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3.3.6 Free and total phenols.

A modified method of Imeh and Khokhar (2002) was used to extract the free and total

(conjugated) fractions of the walnut kernel.

Freshly cracked in-shell walnut kernels were frozen (-20°C) then coarsely ground in a coffee
grinder (Sunbeam, Australia). The ground samples were then freeze dried. After freeze drying
they were ground further in a coffee grinder (Sunbeam, Australia) to a fine powder and 1 g

was accurately weighed into a 50 mL screwcap test tube.

To this 20 mL of 50% v/v methanol:deionised water is added, this was then vortexed for 10
seconds and extracted with gentle agitation in the dark at 60°C for 120 minutes. This is the

free phenolic extract.

For total (conjugated) phenolic extract, the procedure above was replicated, using 1.2 M HCI

in 50% v/v methanol: deionised water instead of 50% v/v methanol: deionised water.

Both the free and total phenolic extracts were then quantitatively transferred into a 50 mL

volumetric flask and made up to volume with the appropriate solvent.

Extracts were then centrifuged at 2,885 RCF and analysed immediately. The phenolic content
of both extracts was measured using Folin-Ciocalteu reagent (Sigma, St Louis, USA)

according to a method adapted from Singleton et al. (1974).

To 0.5 mL of sample extract, 2.5 mL of 0.2 N Folin-Ciocalteu reagent and 2.0 mL of 7.5%
w/v sodium carbonate solution (aqueous) were added to a 20 mL screwcap test tube. This was
then vortexed for 5 seconds and incubated for 5 minutes at 50°C. The test-tubes were then
immediately cooled to room temperature before reading the absorbance at 760 nm on a

Unicam Helios-beta UV-VIS spectrophotometer (Unicam, Cambridge, UK).

A standard curve was prepared in duplicate by making a standard solution of 1 mg/mL gallic
acid (Sigma, St Louis, USA) in 50% v/v methanol:deionised water and diluting to final
concentrations of 0, 40, 60, 80, 120, 160 and 200 pg gallic acid/mL. Samples were
appropriately diluted to fit within the standard curve. The final results are expressed as mg
gallic acid equivalents per 100 g dry matter (mg GAE/100 g DM).



3.3.7 Statistical analysis.

All Statistical analysis and calculations were performed using Minitab version 15.1 and
Microsoft® Office Excel 2003. Means were calculated and a one-way ANOVA used to

determine any statistical differences between the mean values.
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Chapter 4

Results

4.1 Organoleptic Assessment

4.1.1 Initial assessment

A summary of the initial assessment results can be seen in Table 4.1. The total score was
calculated from a sum of all the attributes evaluated and is out of a total score of 100. Using
this evaluation system the highest scoring walnuts were Meyric, New Zealand (81.0) and

Howard, Australia (80.8). The lowest scoring walnut was Serr, New Zealand (52.3).

The overall mean value for the Australian nuts was 73.0, this was higher than the overall
mean value for all the New Zealand nuts (64.8).

4.1.2 Organoleptic assessment

A total of 59 responses were used for statistical analysis of the organoleptic assessments.
There were three response forms that were incorrectly filled out, which were not used at all

and discarded.

Of the 59 responses used for analysis, there were no smokers. 39% of the panellists were male
and 61% female. The age groups were divided into: <19, 19-25, 26-30, 31-50 and >50 years,
with 0%, 31%, 15%, 8% and 46% of the panellists in each category respectively.

20% of the panellists had their coffee strong, 39% medium, 17% weak and 24% did not drink
coffee at all.

12% of panellists drank their tea strong, 52% medium , 24% weak and 12% did not drink tea.

12% of panellists ate a lot of spicy food, 35% had a medium amount, 51% a small amount and

2% ate none.
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Table 4.1 Initial evaluation results comparing mean assessment scores of New Zealand (Canterbury) to Australian (Tasmania) walnut

cultivars.
Kernel
Shell Shell Crackout Ease of
Cultivar attractiveness seal and strength* score” extraction  Shape Flavour  Colour  Total score
(20)° (20) (20) (10) (10) (10) (10) (100)
= Earnscleugh 19 11 0 8 3 7.2 10 58.2
S Kirwee 17 16 12 8 5 5.2 10 73.2
Es Meyric 16 12 20 9 9 6.0 9 81.0
';' Rex 16 19 6 4 1 4.5 10 60.5
ks Serr 12 8 16 4 2 3.3 7 52.3
Vina 10 17 18 6 7 3.8 2 63.8
Mean 15 13.8 12 6.5 4.5 5.0 8 64.8
Chandler 20 3 20 10 10 4.3 10 77.3
Fernette 18 9 20 6 4 5.7 8 70.7
Fernor 14 10 20 8 6 6.2 7 71.2
. Howard 18 15 20 7 8 6.8 6 80.8
= Lara 17 13 20 4 8 5.7 6 73.7
= Serr 12 8 20 9 9 3.8 4 65.8
2 Vina 10 18 20 4 9 5.2 5 71.2
Mean 7 10.9 20 6.9 7.7 54 6.6 73.0

T Maximum points for each attribute.
" Dropped from height, intact shell scores 1 point.

* Over 50% crackout, scores 20 points. 2 points taken off for every 1% below 50% crackout.



23

The mean taste and after taste scores for each walnut cultivar can be seen tabulated in Table
4.2. Overall there was no significant difference between the overall New Zealand mean scores
compared to Australian mean scores of 3.2 and 3.1 respectively for taste and mean scores of
2.9 and 2.9 respectively for after taste (Table 4.2). This was done using a one-way ANVOA

of the means at a 90% level of confidence.

The highest score for the taste attribute was 3.5 for Fernette, Australia, the lowest 2.8 for

Meyric, New Zealand and Serr, Australia.

The highest score for the after taste attribute was 3.1 for Serr, New Zealand and Lara,

Australia.

Table 4.2 shows the mean individual cultivar scores for the two attributes tested. Additional to
this each individual cultivars response was subjected to one-way ANVOA, testing each
individual cultivars mean to each other, to determine any statistical differences (raw data not
shown). The level of confidence chosen was 90%, as, when the test was performed at 95 or
99% there were no clear statistical differences. The statistically significant scores between

cultivars can be seen tabulated as a matrix in Tables 4.3and 4.4.

Table 4.2 Comparison of mean scores (+SE) for taste and after taste attributes for different
New Zealand (Canterbury) and Australian (Tasmania) walnut cultivars.

Cultivar Taste After Taste

= Earnscleugh 3.4 2.9

S Kirwee 3.3 2.9

Ei Meyric 2.8 2.8

’;‘ Rex 3.1 2.9

2 Serr 3.1 3.1
Vina 3.3 3.0
Mean 3.2+0.05 2.9+0.06
Chandler 3.2 2.9
Fernette 3.5 3.5

-c_% Fernor 2.9 2.8

= Howard 3.2 2.9

g  Lara 3.3 3.1
Serr 2.8 2.4
Vina 3.1 2.7

Mean 3.1+0.05 2.9 +0.06)




Table 4.3 Significant differences of mean taste scores for New Zealand (Canterbury) and Australian (Tasmania) walnut cultivars.

Australia
Vina Serr Lara Howard Fernor

Fernette Chandler

Vina Serr

New Zealand
Rex Meyric Kirwee Earnscleugh

Earnscleugh * * *
o Kirwee * * *
S Meyric * * * * *
S R *
N ex
= Serr *
= Vina *
Chandler *
Fernette * *
Fernor *
. Howard *
‘_E Lara *
T Serr *
S -
< Vina

*Indicates significant difference, Fishers LSD, p<0.10.
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Table 4.4 Significant differences of mean after taste scores for New Zealand (Canterbury) and Australian (Tasmania) walnut cultivars.

Australia New Zealand
Vina Serr Lara Howard Fernor Fernette Chandler | Vina Serr Rex Meyric Kirwee Earnscleugh

Earnscleugh *
Kirwee *
Meyric

Rex *
Serr
Vina

*
¥ % ok X X %

New Zealand
*

*

Chandler
Fernette *
Fernor
Howard
©
= Lara
2 Serr
& Vina
*Indicates significant difference, Fishers LSD, p<0.10.

% ok X %
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The taste score significant differences (Table 4.3) show no one cultivar was predominately
different to another, although there were some individual differences in scores. Serr, Australia
(2.8), has the most significant differences, being similar only to Meyric (2.8), Rex (3.1), Serr
(New Zealand, 3.1), Fernor (2.9) and Vina (Australia, 3.1).

For the after taste score significant differences, Table 4.4, Fernette (3.5) was significantly
different to all of the other cultivars and Serr (Australia, 2.4) was significantly different to all

other cultivars apart from Meyric (2.8) and Vina, (Australia, 2.7).

An alternative method of presenting the organoleptic results is to plot the whole set of data as
a boxplot. Boxplots are used to show trends and patterns in the data. A boxplot shows six
different statistical attributes in one diagram. These are the median, upper and lower quartiles,
minimum and maximum and outliers. Figures 4.1 and 4.2 show the boxplots for the taste and
after taste score results respectively.

From Figure 4.1 it can be seen Earnscleugh, Vina (New Zealand) and Fernette taste scores are

exhibiting a trend of higher scores than all the other cultivars.

All the other cultivars are more evenly distributed apart from Meyric which is trending

towards a lower taste score.

Fernette is the only cultivar showing a higher after taste score (Figure 4.2). With all the other
cultivars being evenly distributed, apart from Meyric and Serr (Australia) exhibiting a trend

towards a lower after taste score.
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Figure 4.1 Boxplot of mean taste scores for New Zealand (Canterbury) and Australian
(Tasmania) walnut cultivars.
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Figure 4.2 Boxplot of mean after taste scores for New Zealand (Canterbury) and Australian
(Tasmania) walnut cultivars.
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Table 4.5 Mean walnut weights and crackout percentages (+SE) of New Zealand
(Canterbury) compared to Australian (Tasmanian) walnuts.

Cultivar Nuts’ per kg Mean nut weight Crackout (%)
(9) Shell kernel
<  Earnscleugh 117 8.5 61.0 35.0
S  Kirwee 103 9.7 52.8 46.0
S Meyric 106 9.4 49.1 52.6
';‘ Rex 112 8.9 43.1 48.1
2 Serr 127 7.9 494 48.0
Vina 122 8.2 46.3 48.8
Mean 1145+ 3.8 8.7+0.3 50.3+25 464+1.38
Chandler 94 10.6 49.5 49.6
Fernette 88 11.4 47.5 51.1
= Fernor 91 11.0 43.0 51.8
2 Howard 90 11.1 44.0 54.0
g Lara 88 11.4 46.3 51.9
Serr 119 8.4 42.1 52.8
Vina 87 11.5 43.7 53.4
Mean 93.8+4.2 10.7+0.4 451+11 521+05

1 =shell and kernel. All results are mean values of 20 determinations.

A crackout of 20 randomly selected walnuts was performed (Table 4.5) to enable a

comparison to data from the initial walnut evaluation (Table 4.1).

The Australian walnuts had larger kernels overall when compared to the New Zealand
walnuts, 52.1% and 46.4% respectively and a greater mean nut weight, 10.7 g compared to
8.749.

The New Zealand walnut, Earnscleugh had the least kernel (35%) and greatest amount of
shell (61%).



4.2 Biochemical Analysis
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The proximate analysis for all the walnut cultivars can be seen in Table 4.6. The overall mean

values for dry matter, ash, lipid, crude protein, ADF and NDF of the New Zealand cultivars,

compared to the Australian cultivars were all within one standard error. Apart from the NDF

mean measurements of 3.6 £ 0.3 and 3.8 + 0.4 for the New Zealand and Australian cultivars

respectively.

Table 4.6 Comparison of proximate analysis (% fresh weight, +SE) of New Zealand
(Canterbury) to Australian (Tasmanian) walnuts.

Dry

Crude

Cultivar Matter Ash Lipid Protein ADF NDF'

- Earnscleugh 97.5 2.2 65.6 16.7 1.9 3.9

S Kirwee 97.3 2.2 67.5 15.2 1.9 3.2

'S Meyric 97.5 1.9 67.9 14.8 2.3 4.0

'; Rex 98.2 1.2 66.6 17.4 1.9 3.8

%—* Serr 98.5 2.1 68.5 13.6 2.2 3.6
Vina 96.5 2.4 62.6 19.3 1.7 2.9
Mean 976+05 20+03 665+15 162+15 20x01 36+£0.3
Chandler 98.5 1.8 65.3 15.3 2.9 4.0
Fernette 97.8 1.8 67.5 15.4 2.2 4.2

= Fernor 97.7 1.6 67.7 15.1 2.2 4.0

= Howard 97.7 1.8 65.6 17.1 2.4 4.2

;E’ Lara 98.2 2.0 69.7 14.4 2.1 3.0
Serr 97.5 1.9 69.2 15.3 1.9 2.8
Vina 97.9 1.7 65.7 16.4 2.1 4.1
Mean 979+02 18+01 672+13 156+06 23+0.2 38+04

“ADF = acid detergent fibre. F NDF= neutral detergent fibre, All results are mean values of

duplicate determinations.



Table 4.7 Comparison of mean phenolic (mg gallic acid equivalents/g dry weight walnut
kernel, £SE) content of New Zealand (Canterbury) to Australian (Tasmanian)

walnuts”.

“All results are mean values of triplicate determinations.
Mean values in the same column that do not share the same letter are significantly different

Phenols
Cultivar Free Total
- Earnscleugh 11.9+1.2°%° 15.7 + 1.2%¢
S Kirwee 10.9 £ 0.2° 18.6 +1.1°
‘T Meyric 14.4 +1.2%° 17.9+0.3"¢
';‘ Rex 13.3 + 0.4°¢ 16.0 + 0.7%¢
Z Ser 11.5 + 0.5%%¢ 14.0 £ 0.7°
Vina 13.1 + 0.57¢¢ 24.7£0.3°
Mean 12.5+0.7 17.5+0.7
Chandler 11.3 £ 0.6%%¢ 15.6 + 0.3°
Fernette 11.1 + 0.6%¢ 14.8 +0.7°
-% Fernor 16.0 + 0.6% 23.6+1.1°
£ Howard 16.6 0.5 19.5+0.4°
I Lara 13.0+0.5°°%  14.4+0.7°
Serr 11.2 + 0.8%%¢ 16.1 + 0.5%¢
Vina 14.4 + 0.9*° 19.5+0.1°
Mean 13.2+0.6 175+05

(Fishers Least Significant Difference, 95% individual confidence interval).

The overall free phenolic mean (12.8 mg GAE/g) was lower than the overall total phenolic

mean (17.5 mg GAE/g), Table 4.7.

There was no difference between the New Zealand and Australian mean total phenolic

content, 17.5 mg GAE/g for both countries.

The mean free phenolic content of the New Zealand walnuts (12.5 mg GAE/g) was slightly
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lower than the Australian mean of 13.2 mg GAE/g, but within 1 standard error of each other.

Vina (NZ) had the highest total phenolic content (24.7 mg GAE/g) and Serr (NZ) the lowest

(14.0 mg GAE/qg).



Table 4.8 Comparison of mean tocopherol content (mg/lOpg oil, £SE) of New Zealand
(Canterbury) to Australian (Tasmanian) walnuts .

Tocopherol

Cultivar a B y d Total

= Earnscleugh 1.5 0.5 31.4 4.0 37.3

S Kirwee 2.0 0.7 30.0 4.8 37.5

'S Meyric 1.6 0.0 30.8 4.3 36.7

';‘ Rex 1.2 0.0 32.5 3.8 37.6

2 Serr 1.6 0.0 28.6 4.2 34.4
Vina 1.8 0.2 30.2 4.2 36.4
Mean 1.7+01 05+£01 31.3+05 42+01 36.6+05
Chandler 2.0 0.0 30.6 3.5 36.0
Fernette 2.1 0.0 28.5 3.7 34.4

= Feror 15 0.0 29.5 4.1 35.1

+ Howard 1.7 0.0 35.3 3.2 40.2

I Lara 2.1 0.0 30.5 3.7 36.3
Serr 1.8 0.3 25.4 2.8 30.3
Vina 1.8 0.5 28.7 3.5 34.5
Mean 19+£01 04+01 298%x11 35+0.2 35311

“All results are mean values of duplicate determinations.

All four tocopherols were identified in the cultivars, Earnscleugh, Kirwee, Vina (NZ), Serr
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(AUS) and Vina (AUS) as shown in Table 4.8. In the remaining walnut cultivars only alpha,

beta and delta tocopherol were identified.

The New Zealand cultivars had a mean total tocopherol content, slightly higher than the
Australian cultivars, 36.6 and 35.3 mg/100g oil, respectively.

Howard had the highest amount of total tocopherols 40.2 mg/100g oil and Serr (AUS) the

lowest, being 30.3 mg/100g oil.

The ratios of the different forms of tocopherols is similar between each individual cultivars

and between countries, apart from the tocopherol forms that are not present. The most

predominant tocopherol is gamma-tocopherol ranging from 80.0 to 87.8% of total tocopherol

content.

No tocotrienols were identified in any of the samples.



Table 4.9 Comparison of mean fatty acid profile (%, +SE) of New Zealand (Canterbury) to Australian (Tasmanian) walnuts .

Cultivar 16:0 18:0  18:1(n-9) 182(n-6) 18:3(n-3) SFA  MUFA  PUFA j;l%
Palmitic Stearic Oleic Linoleic  Linolenic

- Earnscleugh 7.0 2.3 15.8 60.8 14.0 9.4 15.8 74.8 4.3

S Kinwee 6.3 1.6 17.0 62.8 12.3 7.9 17.0 75.1 5.1

S Meyric 5.8 23 20.0 59.5 12.4 8.1 20.0 71.9 48

Y Rex 5.8 1.6 12.9 64.1 15.6 7.4 12.9 79.7 4.1

3 Serr 6.3 2.2 16.6 59.3 15.6 8.5 16.6 74.9 3.8
Vina 5.9 2.2 18.4 61.0 12,5 8.1 18.4 73.5 4.9
Mean 62+02 20+01 168209 61.2+08 13706 82+03 168+09 75011 4502
Chandler 6.0 15 14.9 63.4 14.2 75 14.9 775 45
Fernette 6.7 2.0 18.2 63.6 12.4 5.8 18.2 76.0 5.1

£ Fernor 6.6 1.6 19.9 62.6 9.3 8.3 19.9 71.8 6.7

S Howard 6.2 1.2 13.1 63.1 16.3 7.5 13.1 79.3 3.9

2 Lara 5.9 2.0 17.0 61.4 13.7 7.9 17.0 75.0 45
Serr 5.9 2.0 215 5.4 11.2 7.9 215 70.6 5.3
Vina 5.4 23 217 59.4 11.2 7.7 21.7 70.6 5.3
Mean 61+£02 18+02 180+12 61.6+06 12609 7.9+02 180+12 741+13 50+0.3

“Results are mean values of duplicate determinations. Fatty acids below 1.0% were not identified.

SFA = total saturated fatty acid, MUFA = total mono-unsaturated fatty acid, PUFA = total poly-unsaturated fatty acid.
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The most abundant fatty acid from all cultivars was Linoleic acid , with a range of 59.3 to
63.6%, Table 4.9. Compared to literature values there were no unusual observations with
respect to the fatty acid profile. Comparing the overall means of the New Zealand and

Australian fatty acids, they are almost nearly identical.

Four phytosterols, campesterol, stigmasterol, sitosterol and D°- avenasterol were identified in
the majority of the walnuts (Table 4.10). Stigmasterol was not detected in Meyric (New
Zealand), Lara (Australia) and Vina (Australia).

The total phytosterol content ranged from 135.6 to 199.5 mg/100g oil for Vina (New Zealand
and Serr (New Zealand) respectively. Comparing the total phytosterol content of New
Zealand to Australia, it would appear the New Zealand walnut has a higher overall mean total

phytosterol content, 171.1 compared to 159.9 mg/100g oil.

Table 4.10 Comparison of mean phytosterol content (mg/lQOg oil, £SE) of New Zealand
(Canterbury) to Australian (Tasmanian) walnuts .

5
Cultivar Campesterol  Stigmasterol  Sitosterol D™ Total
Avenasterol

- Earnscleugh 6.2 0.5 135.4 13.2 155.3

S Kirwee 6.4 0.3 122.1 16.8 145.6

$ Meyric 6.2 nd 148.9 20.4 175.5

’;‘ Rex 9.3 0.4 156.2 28.7 194.6

2 Serr 6.5 0.0 158.4 345 199.5
Vina 6.9 0.2 134.7 13.9 155.8
Mean 6.9+05 02+0.1 1426 +5.8 21.3+35 171.1+9.1
Chandler 8.2 0.2 159.3 16.2 183.8
Fernette 6.6 0.8 164.1 17.7 189.1

% Fernor 5.5 0.9 116.9 12.4 135.6

+ Howard 6.7 1.2 136.6 11.7 156.2

g Lara 6.0 nd 155.7 25.1 186.7
Serr 49 0.4 123.4 24.0 152.5
Vina 5.7 nd 125.1 25.6 156.5
Mean 6.2+04 05+0.2 1349 +6.2 183+24 1599+7.1

“Results are mean values of duplicate determinations. nd = not detected.
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Chapter 5
Discussion
5.1 Organoleptic Analysis

5.1.1 Initial assessment

In the initial assessment of the walnuts it can be seen that many of the evaluated parameters
were physical parameters such as attractiveness, shell seal, crackout score and shell shape
(Table 4.1). Flavour testing only formed a small part of this evaluation. It is important to note
that nearly all the assessment parameters used in this evaluation are what could be described
as subjective results. Shell attractiveness, ease of extraction, kernel shape, kernel flavour and
kernel colour are all measures that were given a mark out of 20 or 10 based on the subjective

opinion of the small group of evaluators.

Improvements could be made to remove the subjectiveness from this assessment method and
to improve the method of scoring. For instance, in this method, flavour is only given a 10%
weighting in the overall score. However other factors such as shell seal and attractiveness are
important features for a commercial cultivar to be successful, and should not be ignored.

A more accurate crackout score was performed (Table4.5). It can be clearly seen this provided
increasingly more accurate information compared to the initial assessment, where all of the
Australian walnut were given a score of 20/20 and the New Zealand walnuts had scores that
ranged from 0O to 20.

There is not any literature available to compare the crackout scores to, as this is an industry

specific measurement and is not normally scientifically measured and reported.

5.1.2 Organoleptic assessment

Previous researchers using untrained panels to evaluate walnuts have used 51 members
(Mexis et al., 2009; Mexis and Kontominas, 2009) and 40 non-experts (Colari¢ et al., 2006).

Other sensory research on walnuts has involved the descriptive analysis of walnuts. An in-
depth study of the differences in the sensory characteristics between walnuts from different

countries, used 7 highly trained assessors (Sinesio and Moneta, 1997).
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Warmund et al. (2009) used 8 highly trained female panellists to perform a descriptive
analysis between Black and Persian walnuts. Seven trained panellists were used by Jensen et

al. (2003) to evaluate differences between walnuts packaged differently.

Overall there was no significant difference between the overall New Zealand versus
Australian mean scores of 3.2 and 3.1 respectively for taste and mean scores of 2.9 and 2.9
respectively for after taste (Table 4.2). This was done using a ANVOA of the means at a 90%
level of confidence.

Table 4.2 shows the individual cultivar means. An ANOVA was performed testing each
individual cultivar mean to each other, to determine any statistical differences. The level of
confidence chosen was 90%, as when the test was performed at 95 or 99% there were no clear

differences.

The taste score significant differences (Table 4.3) show no one cultivar was predominately
different to another, although there were some individual differences in scores. Serr
(Australia) (2.8), has the most significant differences, being similar only to Meyric (2.8), Rex
(3.1), Serr(New Zealand)(3.1) and Fernor (2.9).

For the after taste score significant differences (Table 4.4), Fernette (3.5) was significantly
different than all of the other cultivars, and Serr (Australia) (2.4) was significantly different to

all other cultivars apart from Meyric (2.8) and Vina (Australia) (2.7).

Colari¢ et al. (2006) performed a sensory evaluation on 10 different walnut cultivars grown in
Maribor, Slovenia, which included the cultivars, Chandler, Fernette, Fernor and Lara. The
focus of their experiment was not entirely on walnut cultivar difference, but on panellists
performance as well, hence some of their results are not entirely comparable to the results of

this experiment.

In their evaluation they used 6 taste descriptors; flavour, bitterness, astringency, texture,

crispness and oiliness.

For flavour they found the flavour was very homogenous, with no single cultivar having a
predominantly “typical walnut flavour* (the anchor descriptor for flavour). This is

comparable to our results for taste, where no single cultivar had a significantly higher taste
score (anchor=flavoursome-very pleasant). However Serr (Australia) does have a significantly

lower score compared to some other cultivars.
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The cultivars Lara and Fernette were identified as least bitter by one of the evaluation
groups in the study of Colari¢ et al. (2006) and Fernette and Fernor were among the least

astringent.

It could be argued astringency and bitterness are related to the after taste of a walnut. The
descriptor “after taste” is used in this experiment. Therefore Fernette having a significantly
better after taste score in this experiment compares well to the findings of Colaric et al.
(2006).

An alternative method of presenting the organoleptic results is to plot the whole set of data as
a boxplot. Figures 4.1 and 4.2 show boxplots for the taste and after taste score results

respectively.

Interpretations of this type of data representations, are less rigid. Boxplots are used to show
trends and patterns in the data.

Of interest is the comparison of the same cultivars (Serr and Vina) grown in two different
locations (New Zealand and Australia). Statistical comparison of the taste attribute means
(Table 4.3), at a 90% level of confidence, showed no significant differences between Serr
New Zealand (3.1) and Serr Australia (2.8) and Vina New Zealand (3.3) and Vina Australia
(3.1).

Viewing the taste data as a boxplot (Figure 4.1), this shows no apparent distribution
differences between the Serr (New Zealand) and Serr (Australia), however the Vina (New
Zealand) would appear to be skewed more to a taste score above 3 compared to Vina
(Australia).

Statistical comparison of the after taste attribute means, at 90% level of confidence, show Serr
(Australia) (2.4) is significantly different to Serr (New Zealand) (3.1). There was no
significant difference (Table 4.4) between the after taste means of Vina (New Zealand) (3.0)
and Vina (Australia) (2.7). This trend is clearly shown again in the boxplots in Figure 4.2 .

Serr (Australia) (2.4) shows a distribution that is skewed to below the mean (2.9).

This experiment clearly shows that there are differences in the taste and after taste of walnuts
of the same cultivar, that are grown in a different location. The sensory test used to evaluate
the walnuts is a subjective test measured using a hedonic scale. The strength of this test is its

simplicity and its application to both trained and untrained panellists.

If a taste survey does not use the most basic scale anchor words of either like or dislike, the

choice of anchor words is crucial. The use of anchor words other than like or dislike is
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accepted, but any training or coaching is not allowed, as this will then change the type of
sensory test been applied. This feature of hedonic testing has been considered when the
standard was originally drafted, “The subject is allowed, however to make his own inferences
about the meaning of the scale categories and determine for himself how he will apply them
to the samples” (ASTM, 1968). Taking all of this into consideration the choice of
flavoursome — very pleasant, to anchor the positive, high scoring end of the scale, was done as
these are general words yet at the same time apply specifically to a positive walnut taste or
after taste. At the other end of the scale, tasteless — bland, was chosen to anchor the more
negative end, for the same reasons. However this does not preclude the fact that some people

may actually like bland tasting nuts.

As mentioned, hedonic scales can be used by both experts and un-trained panellists. The
majority of the panellists who tasted the walnuts in this experiment could be described as
experts. This, however, is not necessarily a good thing. There is evidence to suggest that the
best results from a hedonic evaluation is obtained from a untrained, non-expert panel (ASTM,
1968).

5.2 Biochemical analysis

5.2.1 Proximate composition

The biochemical and chemical composition of walnuts, in general has been well studied,
however the composition of properly named different cultivars of walnuts has not occurred

until relatively recently.

Ruggeri et al. (1998) is the earliest journal reference concerning the chemical composition of
named walnut cultivars. In this study the proximate analysis, soluble sugar content and amino
acid content of the walnut cultivars Sorrento, Franquette, Hartley and Trento were reported.

The context of this research was the comparison of different walnut cultivars to other tree nut

crops grown in Italy. This theme of research is common when walnuts are studied.

The general proximate analysis of 12 different cultivars of walnuts grown in New Zealand is

reported by Savage (2001).

The crude protein ranged between 13.6 to 18.1, the total lipid 62.6 to 70.3, ash 1.9 to 2.4,
starch 1.5 to 2.8, dietary fiber 3.1 to 5.2, ADF 2.2 to 3.8 and NDF 3.3 to 4.4 g /100g DM

walnut.
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This range of proximate measurements included 5 cultivars grown in New Zealand of
European and United States origin. All these values are comparable to values quoted by
Ruggeri et al (1998). No similar studies specifically on Australian grown cultivars have been
performed.

5.2.2 Fatty acid profile
The fatty acid profile of the walnuts (Table 4.9) shows no unusual observations compared to
previous literature reports (Savage et al., 1999). The mean values of the Australian compared

to the New Zealand fatty acids reported have nearly identical values (Table 4.9).

5.2.3 Tocopherol

Alpha, B,y and & tocopherols have been identified in walnuts from around the world (Amaral
et al., 2005; Crews et al., 2005; Li et al., 2007, Savage, 2000). No tocotrienols have been
detected in walnuts from New Zealand (Savage, 2000). Crews et al. (2005) did not detect any
tocotrienols in authentic walnut oils from China, France, Hungary, India, Italy, Spain and
USA.

Amaral et al. (2005) studied 9 different cultivars from 2 different geographical locations in
Portugal and found y-tocotrienol in all samples. The amounts ranged from 2.25 to 5.14 mg/kg

compared to total tocopherols in walnuts ranging from 194 to 632 mg/kg.

No tocotrienols were detected in this experiment from either New Zealand or Australian

grown walnuts (Table 4.8).

The small amount of tocotrienols present compared to the total tocopherols and the fact
Amaral et al. (2005) detected tocotrienols across a range of different cultivars, suggests other

researchers have perhaps not used an analytical method sensitive enough.

Amaral et al. (2005) compared the tocopherol content of walnuts from 2 geographical
locations in the same country (Portugal) and found differences in tocopherols content,
however these were not significant. Significant differences were observed when cultivars
were grouped by year of production, indicating differences were not only due to genetic

factors but influenced by environmental factors as well.
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5.2.4 Phytosterol
Phytosterols are not commonly analysed for in walnuts. Several researchers have analysed
walnut oils for phytosterols (Martinez et al., 2006; Schwartz et al., 2008; Vanhanen et al.,
2005). Since sterols are only found in the lipid fraction it is valid to use such data for

comparison.

The total phytosterol content of walnuts has been reported to range from 1,060 mg/kg — 1,770
mg/kg by Philips et al. (2005), 2,030 to 2,855 mg/kg by Savage et al. (2001) from 12 different
New Zealand cultivars, 1,129.5 Maguire et al. (2004) and 2,340 mg/kg by Schwartz (2008).
This indicates there is a lot of variability in phytosterol amounts in walnuts grown around the
world. It is not known if this is due to differences in geographical locations, climate or

genotype differences

In all the literature the most predominate phytosterol is 3-sitosterol, but similarly the

percentage contribution has a large range, 65%, 78% 66% and 62% of the total sterols.

Again, no conclusions can be made about the variation in the B-sitosterol content as there

have been no studies performed specifically addressing this.

5.2.5 Phenols
Phenols in walnuts could be classified as a plant phytochemical (Chen and Blumberg, 2008),
as are phytosterols, carotenoids and other groups of compounds that may effect a person’s

health either positively or negatively.

Phenols in plant derived foods are a very diverse groups of compounds. To date it is estimated
that more than 6,000 different types of phenols are to be found in plants. Phenolics can be
found in all parts of a food, for example, the shell, leaf and kernel of a walnut. With varying

amounts and types of different phenols from different parts of the walnut.

Based on their fundamental chemical structure, phenols can be divided into two major groups
called non-flavonoids and flavonoids. Within these two major groups there are many different

sub-groups.
Very little , if not any, research has been done to identify and characterise walnut phenols.

Liu et al. (2008) has identified 3 diarylheptanoids and an a-tetralone in green walnut husks of
an unspecified cultivar. Oliveira et al. (2008) has reported the total phenolic content of

aqueous extracts of green walnut husks from 5 cultivars found in Portugal.
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Pereira et al. (2007) has reported the phenolic profile of walnut leaves. Identifying 10

aqueously extracted phenolic compounds from 6 different walnut cultivars grown in Portugal.
It is important to note that walnut green husks and leaves are not normally eaten.

Researchers have reported the total phenolic content of walnut kernels, however most of the
studies are not specific for walnut cultivars and are done as a consequence of surveying a
range of nuts or similar food types (Arcan and Yemenicioglu, 2009; Chen and Blumberg,
2008; Gunduc and EI, 2003; Kornsteiner et al. 2006). Arcan and Yemenicioglu (2009)
reported a range of 175 to 414 mg gallic acid/100g dry weight walnuts. Gunduc and EI (2003)
reported 7,051.74 mg catechin /kg walnut. Chen and Blumberg (2008) and Kornsteiner et al.
(2006) both report similar amounts, 16.3 mg gallic acid equivalents/g and 1,625 gallic acid
equivalents /100 g fresh weight walnuts, respectively. In both Chen and Blumberg (2008) and
Kornsteiner et al. (2006) walnuts have the highest total phenolic content compared to all the
other nuts in their studies (almonds, brazil nuts, cashew, hazelnuts, macadamias, peanuts,

pecans, pine nuts and pistachios).

Pereira et al. (2008) analysed six different cultivars of walnuts grown in Portugal, values
ranged from 60.83 to 95.06 mg gallic acid equivalents/g walnut aqueous extract.

The total phenolic content in the New Zealand and Australian walnut kernels analysed in this
study, ranged from a low of 14.0 (Serr, New Zealand ) to a high of 24.7 (Vina, New Zealand)
mg gallic acid equivalents /g dry weight. Compared to previous research, results range from
175 to 9,506 mg gallic acid equivalents / 100g walnut kernel. With such a large range in
values it is difficult to make a direct comparison and more work needs to be done in this area

to make a proper evaluation.

There is no published data on the phenolic profile or total phenolic content of different walnut

cultivar kernels grown in New Zealand or Australia.

To the authors knowledge this is the first report of the free and total phenolic content for

named walnut cultivars grown in New Zealand and Australia.

The bioactive compounds in walnuts are normally expressed on a per 100 g of nut oil basis.
This enables the comparison to previous data published in literature and if the study involves

oil this is relevant.



A more relevant way is to express the walnut bioactive compounds in this study, is to use a

per gram dry weight basis, to allow a whole walnut to walnut comparison.
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Table 5.1, shows the total phenols , total tocopherols and total phytosterols expressed in this

manner. The total phenols were originally calculated this way.

As can be seen in Table 5.1 there are inconsistencies in the New Zealand walnuts in

identifying the highest and lowest total tocopherols values, depending on how they are

expressed and for identifying the highest total phytosterol values in Australian walnuts.

Table 5.1 Mean total phenolic, tocopherol and phytosterol content per gram dry weight of

walnut kernel in New Zealand (Canterbury) and Australian (Tasmanian) grown

walnuts.
Cultivar Total pherlols Total tocopherols Total Phytosterols
mg GAE /g Hg/g Ha/g
- Earnscleugh 15.7 250.9 1,044.9
5 Kirwee 18.6 260.1" 1,010.1"%
S Meyric 17.9 255.5 1,222.2
';‘ Rex 16.0 255.0 ° 1,319.7
g Serr 14.0- 239.2° 1,387.4 ™0
Vina 24.7" 236.1" 1,010.7
Mean (+SE) 175+15 2495 +3.9 1,165.8 + 68.0
Chandler 15.6 238.6 1,218.5
Fernette 14.8 237.4 1,305.1 ™
= Feror 23.6" 243.2 939.62"°
S Howard 19.5 269.9 M 1,048.8
Z Lara 14.4" 257.6 1,325.1"
Serr 16.1 215.0-"° 1,082.3
Vina 19.5 231.5 1,050.2
Mean (+SE) 175+1.3 2419 +6.7 1,138.5 +55.1

* = gallic acid equivalents.

H = highest and - = lowest value on a per gram dry weight basis. ™ = highest and "° =

lowest value on a per 100 mL oil basis.
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5.3 Correlation between organoleptic and biochemical results

The organoleptic results concluded there was no differentiation between Serr and Vina
varieties grown in Australia and New Zealand, this too was reflected in the biochemical
results (Tables 4.6 to 4.10).

The organoleptic results identified Fernette (Australia) as performing best under test

conditions for the descriptors flavour and after taste.

Comparing Fernette to individual biochemical results shows no difference to most of the other

walnut cultivars.

The organoleptic results and biochemical results were also compared statistically using a
Pearson correlation (Minitab, data not shown). There were no significant correlations between
both the organoleptic attributes, taste and after taste, when correlated to any of the

biochemical results.

Using total phenols as an example, as phenolic compounds could be expected to have an
influence on the taste parameters. The Pearson correlation between total phenols and taste
attribute is -0.184, p-value= 0.547 and between total phenols and after taste attribute is -0.257,
p-value = 0.398.
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Chapter 6

Conclusions

6.1 Organoleptic Analysis

There is no significant difference between the overall mean taste and after taste scores

between walnuts grown in Canterbury, New Zealand and Tasmania, Australia.

Fernette, grown in Tasmania, Australia, had the best mean taste score (3.5), which was

significantly different to some of the other walnuts grown in New Zealand and Australia.

Fernette had the best after taste score (3.5) which was significantly different to all other

walnuts.

Comparison of Serr and Vina grown in both New Zealand and Australia showed no
significant difference between the mean taste scores of the same cultivars, however a boxplot

clearly exhibits a skew in the data to Vina New Zealand for a better taste score.

The mean after taste score of Serr (New Zealand) compared to Serr (Australia) was
significantly different, this was supported by visually skewed data for Serr (Australia), to a

lower after taste score.

There is evidence from our study and others (Colaric¢ et al., 2006) that suggests Fernette
performs well using the descriptors flavour and after taste.

It should be remembered that the selection of potential new cultivars will also involve an

assessment of the trees response to the local environment

6.2 Biochemical analysis

There were no conclusive differences between Australian and New Zealand grown walnuts
when comparing the proximate analysis, fatty acid profile, tocopherol profile, phytosterol
profile or phenolic analysis.

Of interest is the phytosterol and, total and free phenolic analysis of the walnuts. Walnut
phytosterol content has not been widely reported, similarly for the total and free phenolic

content of walnuts, both these parameters warrant further investigation.
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6.3 Future research

The results from this study provided valuable information for the NZWIG to make decisions
regarding the importation of new cultivars that are potentially beneficial to the New Zealand
walnut industry. This research has also advanced the body of knowledge with regards to inter-

cultivar differences of different walnut cultivars.

There are areas that could be explored in the future, these are:

e The further development of a New Zealand in-shell and walnut kernel quality standard
that is recognised internationally, as well as by the appropriate governing bodies.

e Previous phenolic research has focused on the total phenolic content not the free. This
is a new and recent concept in the field of food science. There is ambiguity
surrounding the use of the terms “free” and “total” in this context, additionally
attention and care needs to be taken as to whether the results are quoted on a dry or

wet basis, as cited research is often ambiguous on this point too.

e The phenolic profiling work on walnuts so far, has not been done directly on the
walnut kernel. Researchers have identified the phenolic compounds in walnut husk,
walnut oil and walnut flour, the assumption being the same phenols are found in a

fresh walnut kernel, as we would eat it, this may not be the case.
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Chapter 8

Appendix A.1

o1

STANDARD 2.3.1

FRUIT AND VEGETABLES

Purpose

This Standard provides specific definitions for fruit and vegetables, which nclude nuis,
spices, herbs, fungi, kgumes and seeds based on processing categories in Standard 1.3.] for
the purpose of providing specific additive permissions.

Tahle of Provisions

1 Interpretation
2 Composition

Clauses
1 Interpretation
In this Code -

fruit and vegetables means fruil, vegetables, nuts, spices, herbs, fungi, legumes and
seeds,

peeled and/or cut fruit and vegetables means fruit and vegetables that are pecled
andtor cut, whether or not they have been surface treated.

surface treated fruit and vegetables means fruii and vegetables harvested, washed
and treated with permitied processing aids and food additives.

2 Compasition

Fruit and vegetables in brine, cil, vinegar or water, other than commercially canned fruit and
vegetahles, must not have a pH greater than 4.6,

Iasue 33 1 Standand 2.3.1
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UNECE STANDARD DDF-01
concerning the marketisg and commerzial quality conirod of

ISSHELL WALNLUTS

L DEFINITION OF PRODUCE

This standard spplies o imbell walmets free from ouer besks, fom var eties (cultivars) grown from
Juplans regia L, to be supplied 1o the sorsumer, walnuts far making oll or t be cracked for
extraction of the kemels bring excluded.

Thes exprisien “feesh walnues™ or “early walnots" means walmats which bave boen marketed soon
afier larvestimg and cannal be preserved Tora long thme, fmmwhich the busk has been removed md
which have not boen treafed i any winy Thal lesds 10 clange Wi naEl moGnee ooment.

The expression “dry walnuis™ means walmots which can be preserved fora kong Gime: undér nommal
conditions of storige. '
1. PROVISIONS COMCERNING QUALITY

The purposes of the standied i % defing the quality requiremems of inshell walrats &t the expont-

«conirol siege, aficr prop and p Eifg.

A, MEsimum requirements ©

] General provisiony

I all elases, subject in the special provisions for each class and thetolerances allowed, the indel]
walmets mus B

(8] Characteristics of te shell

- e

- shight supsrficial danmgs is Bt consldered as a defect

- pertially open walnus are considersd m be mmet provided ihat the kemel is
physically protecied:

- sined;

- e rivem idicfits Tikely w0 siffizce the naoural keeplng quality of the freir;

. free from allack by pests;

- clear; practically free of any visible forgign mater,

- dry; free from abrormal exiernal modstare;

- T Frovim Biisks,

1 T e cane o irwnaport b chased comsiner, il alestion should be pali 0 e ciroulation in the conaine
and t Lhe metilure comoent of the produne
3 Th dhefird tion of defecs in pives in Tz Ansen in i daosrenl.

L

ECETRADECWE. 2008/ 16
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i
Thi shells of dry walsiets miust show no trace of hulling,
(B Characteristics of the kemnels

- sourd; peodece afTerted by roming of deteriomtion such as to make it mfit
for consumplion is excluded;

- firmz

= chean, practically free from any visible foreign matier

- free fram living Insects ar mites whetever their stage of development;

- free from visible damage by insects, miies or ather parasies;

. firee from rancidity and'or aily appeirande;

= firee from moulkd;

- fres of abncrmal exiemal molshure;

- free of [oreipn smell andier e

. normally developed, sheivelled kernels an: 1o be excluded.

&) Theinshell walnos mvest be gathered when sufficiently mature.
Walnuts mest mot be empty.

I the case of “fnesh walnuns™, it west be possihle i peel off e skin of the kernel easily and the
intemal central partition must show signs ol lumisg beown,

T vhe case of “dry walnuis®, the iniemal ceniral partition mest be dry.

The shells may be washod and bleached provided that the ireamsent applied does mot affect the
quedity of the kemels and is permitied by the rogulations of the importing courilry,

The comdition of the inshell walnuts shoshd be sech as to enahble them:

- o withszand transporimion and handling
- o arive in 4 satlsfactory condition at the place of destination.

€3
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(i) Molsiwre content

The dry wal shall bave & mol camsent not ding |2 per cent for the whole nut and 8 per
cent for the kernel 7

The natural moisture content of whobe fresh walnuts shall be equal 10 of greser than 20 per cent.
B.  Classification

| acordance with the defects allowed in section “IV, Provisions conceming tolerances™, Inshell
walnuts are classified into the following classes:
) “Extra”™ class

Inshell walnuts in this class mest be of superior quality. They mvst have the charcteristics
of the variety or of the mixture of cenain varieties officially defined by the producing
country and specilied in the mirking.

They must be peactically free from defects with the exception of very slight superficial
defects provided that these do not affect the general appearance of the produce, the guality,
the keoping quality or #s presentation in the package.

This cless may mot include inshell walnuts whose variely cannot be guaranicad, sor 4
mixture which is not defined.

Furthenmore, oaly walnuts of the most recent Barvest cam be included in this class,

(i Claxs 1

Inshell walnuts in this class munbeofgood quality, They must embody the chameteristics
of the variety, of 2 ) type or of a mi of certain varicties ofTicially defined by
the producing coustry and specified in the marking.

Slight defects may be allowed provided that these do notaffect the geseral appearsace of the
produce, the guality, the keeping gquality or its presentation in the package,

o The moistare content is determined by cec of the metheds given in asnex 11 of dhe Standaed Lay oun
Mnmd&mmfamwm
2 pdl>. The labeesinry

4 N2 Lo 103 [RIE MV VN AT N
mmmumhnuuw

3 mmwummu«»wmmwuwyum»,«am
resudts i lonerdabarasery triak for the & fioe dry fruit (esbell eams end kermeds) which
are given i the vtazcrd bayout aed are reprodaced in Be e 10 this docement. The laborwony refermce method shall
be wied in caues of dispete.

>

feoes Romunia, ing 10% end 6% respectively.

ECETRADEC/WP.72008/16
Page 5

This class may not include inshell walmats whase variety cannol be guarssiced, nor &
mixtuee which is not defined.

() Class Il

This class comprises inshell walnuts which do not qualify for inclusion i the higher classes,
but satisfy the sinimum requirements specified above.

Defects may be allowed provided that the indlcll walnuts retain their essential characeeristics
s regards general apy quality, keeping quality and p Iion,

1. PROVISIONS CONCERNING SIZING

Size i defined cither by sa imerval determined by the minimum diameter and the maximum

diameter (sizimg) or by an indication of the asinl di fallowed by “and above™ or “and 4
(screening).
Class Sizing * Scresming
34 mm and sbove
Extnn 120 MU mm 32 mm and above
and | w0 32mm 30 men and sbove
2810 30 mm 28 mm and above
2710 30 mm for obloag varieties | 27 mm and above for oblong varieties ¢
2410 28 mm 24 mm and above
n 2410 27 mm for oblong varieties

' In addition 10 this sizing amd screening table, provided that the size &s also expressed in the
marking, any size mawe may be wyed optionafly:

. Products clarsifivd in Clars | may exceptionally be marketed with a screeming of 26mm and
above.

¢ The warieties of oblong walnss have a shell whose height is ol least 125 fimws the mazimwm
dieameser of the eguatorial section.

IV.  PROVISIONS CONCERNING TOLERANCES

Toberances in respect of quality and slu shall be allowed in cach package for prodace not satisfying
the regul of the class indi
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A. Quality tolerances

1n the cakulation of tolerances, whatever the class, two hall-copty walnuts or four quaner-empty
walnuts are counted as cae empty walnut.

Tolerances allowed
(percentage by number of defective fruit)
Defects allowed” Extra Class 1 Class 11
(2)  Total tolerances for defects of the 7 10 15
shell
(b)  Total wlerances for defests of the 1 10 15
edible part*
of which ra»c-d. rosten or damaged 3 6 £
by inscts ©
of which mouldy walnuts 3 4 6

x The definitions of defects are listed im the Annex Jo this documsent.

. For fresh walnuts, the tolerances for defects of the kernel are as follows: “Extra” Class:
8% Class I: T2% Class 11; 15%,

. Living (rsects or aniwal pests are mot permifted in any clars,

B.  Mineral impurities
Ashes issoluble in acld must not exceed | g'kg.
C.  Size tolerances

Forall classes, s maximum of 10 per cent of inshell walnuts not coaforming 10 the size indicated in
the marking is solerted within the limits such that:

- the nuts corespond to the sizes immediately below or above when the size is

desigmated by an interval d d by the mini and the
diameter (sizing);

- the nuts pond to the size § diately below when the size is designated by an
indication of the mind di fallowed by “and above" or “and +" (screening).

ECETRADEC WP, 20081 §
Prge 7

v, FROVISIONS COMCERNING PRESENTATION
A Uniformity

The cordents of each package must be uniform and contain only inskell watiets of the same arigin,
eriop year gnd qualivy. In a shegle package staied to contain a given variety. 3 delined mixben: al’

warietias or commercial lype, 8 maximum af 10 per cest of insbell walsues may belong wo other
warkethes or commercial fypes.

Th visible part of the pockngs must be represenistive of the entire contents.

K Packaging

Inshell walmsts must be packed in such a way s 1o protect the prodece property.

“The enaterials used inside the package must be new, clean fed ofa quality such i 1 avold easing
any exiemal or iniemal damege o the produce. The use of materals, parficularly of paper and
stampes bearing rade apecifications, is alkowed provided that the printing or lzbelling has been dome
with a non-toxic ink ar g,

Pa:kmpes must ke free of 2l foreign mabier.

. Presentation

Thee weight ol the packsges consiiuting a baich must be identical. *

VI PROVISIONS CONCERNING MARKING

Each package’ must bear the Following particalaes in leners grouped on the same side, begibly and
indelibly marked and visible from the omside:

A Hentification
Paucker b Meame and address or ]

andior } officiallly issued or
Dispatcher ) acepied code mark !

* The: pagulations of cormsin impertieg requins compliance with & specific s of set weights for
closed packages,

? P-.i.-q,:miu.nrmmhdmﬂtmmmmmﬂﬂlmhwﬂlnh-ﬂlq
pravisns, bl shall conf Virwasee, the mvarkings refiorsed 1o skal | s arry event be shown on

¥ The reatiina | legiskation 07 @ nasmiber of counmrios pequires. the explicit declyason of the nme and addren. In
e swhene @ oode mark B used, the refeencs “packer andior dispaicher” (ur equivalent shibroviations ) must be indemsd
In chase sonaesilen wit the ods mark.

GS
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\ B. Nature of prodwee

- “Freah walnuts” oF “Early walnuts™ (in the case of fresh walnuts)
“Walnuts" or *Diry walswts™ (in the case of dry walnuis);

- ‘Wame of the wariety or of the mixiure definid for the “Extra” cliss; name of te
variety, defined mivture or commercial type for ckass 1,

C. Origin of prodwce

= Uowsery of origin and, optionally, district where grown or natienal, megional or kesal placs
nams

0. Commercial specifientions

- Class;

. Sz, which miy be given gither:
. by the manimum and maximum JEmeles, oF
s by the: minimum diameter fodlowed by the words “amd above™ or “amd +7

- Crap year {mandatory for “Extra’ class and class L, optional for cless 11);

. et wigight;

- Date of packaging mandatory for Tresh walnuts and optionsl loe dry walnuts;

- Hest hefore followed by the daie (opticnal); for fresh walnuts the indication “Ta be
coscsusned quickly, stone preferably in 2 cool place”, or the indication *Preservalion
ey Fmited, sione preferably in & cool place,

E.  (ifcial control mark (sptional)

This standand wes first published as UNECE Stamndard for Uinshellal Walsas in 1970
Reevised 1943
Fartinlly Revised 1991 {Stasdard Layout)
Bevised and adopted a3 UNECE Stasdard for Fshell Walnits 19649
Editorial revision and inchasion of mew Arsex [ 002

ECETRADEACYP, 200871 6
Pagn @

ANNEX I: DETERMINATION OF THE MOISTURE CONTENT FOR DRY FRODUCE
NUTS)
Hased on Annex I of the Standard Layout
METHOD 1 - LABDRATORY REFERENCE METHOD

I Senpe anid applieation

This referemee mithod serves 10 Selirmsing (hi mostune and volaelle mater comest for both inshell
nuts and shelled nuts (kemels).

kA Referencs

This methad is based ca the method prescribed by 150 15006652000 Clileeds - Detérninktion of
st med wolatile matter confend.

% Diefimition

Misture eontent and volmtile matter comess for dry produce (inshell nuts and shelled nuts): oss in
mass messernd under the operating eondicions specified in 150 &43-2000 for oilseeds of medium
size (soe point 7.2 af [50) 6635 20000, The maistune contént is expresssd & miss fnchon, i percen,

of the mass of the initial sample.

Far whale muts, whes moishure congent |s expressed both on the whale nut and on the kernel, in
cases of dispule betwein the e valess, the moisere comteat valug of the whole nut takes
precedence.

4 Principle
Deienmbraiios of the modsiure and volatile matier conbent of 2 lest poction by dryingal 103+ 2706
::\!n ul abmospheric pressune, unlil practically consiant mass is reached,
E, Apparaies (see IS0 665-2000 for more detnils)
51 Analylical Ealance seasilive 1o | mg oF beiér,
31 Mechanical mill.

23 3 mem round-holes siove.

54 Clasg, poreelnin or mos-corrosive metad continers, provided with well-fitting lids,
allrwing the best portion 1o be spread w aboul 0.2 giem © (appeoximately 3 mm
beight].
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55  Elecric oven with thermostatic control capable of being; regulaied between 101 and
105" 7 in nomial penation. ]

A4 Desiccafor containing an cffeclive desiecanl,
. Frocedare

Follow the operatisg condilicns & specified in 1500 665-2000 for cilseeds of medium size (point 7
and 7.3 of 150 665-2000). but with the Ballowing specific modificstions, conceming the preparution
ol dhe tizst smmip e

Although | S0665- 2000 sets up o inltlal period of 3 hours in the oven set m 103 & 2*C, for nuis it
is recommended ane milial period of & ko,

a4 Determinaticn of the mecisiure and volatile matter contenl of kernels:

Far shelled nuis, bamogenize the laborameey sam ple ond take o minbsum of 100 gof
kemels as a best sample.

For inshell nuis, take & mimimum of 200 g and, using a nutcracker or bammer,
remoni The shells and fragments ar pasticles alshell, using 1he rest as & st sample.
The kernel skin {cuticle cr spemoederm) = inchoded in e 131 sample,

Girind and sieve the test sample uniil the size of the particles obigined is no greater
than 3 mm. During the grinding cpsration, care should be laken 1 avold the
prodection of a paste (oily flour), the cverhesting of the sample fmd e Gonsequent
loss af molsture content (for example, if using a mechanical food dhopper. by
sueessive very shor grsding and eving opertions).

Spresd evenly over the base of the vessel aboul 10 g of the ground prodect s a les)
portien, replice the lid, and wedgh the whaole vessel. Carry oul fwo determinations on
the aaene 1651 sample,

ik Degermingtion of moisture and volatile malter content on whaole nuls (shell plis
kel )

Homogenize the lsboratory semple and take & minimses of 200 g of nuts a5 a st
sampde, Remove all the foreign matter {dust, stickers, etc.) from the tos) samplo.

Grind the whole nuts using cither & Rass Mill, a Romer Mill or o Brabender
apparaius or similar, without overbeating the product.

Sprvad evenly over the hass of e vessel abo 15 g of the ground product 25 otes
jpartion, replace the lid, and weigh the whobe vessel, Canry oul ta G lermsdmalions on
the same test sample.

ECETRAIECYYP T2
Fage 11

(] Expression of results and st report

Fodlow all the instructions & specified in 1500665-2000 (pain 9 and 115 e method ol caleulation
snd formulse, and for bast repont, without any modification. *

LB Precision

For cond |thons of repeatnbility and reproducibility apply speci fications of IS0 665-2000 (paim 1002
ad 10.3) fioe sy Badauics,

METHOD 3 RAPID METHOD
1. Primciple
Detarmination of the moisture content using 3 measurimg spearales bised on be principle of ke of
miass by heating The spparaius should include 2 halogen or infra-red lamp and a bili-in analytical
balance, calibried aczerding 1o the |sboemiony method.
The use of spparabss based o the principhe of chedtrical condustivily or resistanie, & Moistan:
Mleters, Motsture Testers and similar, is also alloveed afomys st condition that the spparatus has 1o be
calibraled aceording with the lebsemorny relenence method for the tesed product.
- Apparatus

20 Mhanial mill ar fomd chepper.

2.1 5 maw round-hiodes sieve (unless indicaied othorwdse by the instroctions forwsealthe
ppeialls

2.1 IHalcggen or infraned lamp with buili-in anshyical balanee sensitive v | s or beller
kS Procedure

il Preparstion of sample

Folkow the same insructions as given for e lboratory reference method (poinis S and

6i.b unless indicated cthervise by the instructions For use oF the apgarans, particalesly with

regand to the diameter of the fragmants.

32 Dietermination of moisten: conbenl

’ The mais poins spsifed sre as fllows:
» misee and velulil maler conleal B sopresied o mast Saction, in peroent, of te ma of the inkal

Lamphe

& The reull is the aridumet i mean of the twa b tehmomm thefwn
ehould rew pxceed 0.7 % {rons Sacsm)

+ The resubt bes. 50 b neported i one decimod place.

LS
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5

Carry aul the desermination on reve test portions of approximaiely 5 o 10 g each,
wnless imdicatall oiberise by the instrections fior use of the apparaius.

Sprend the test poriion over the base of the test receplack, thorsghly cleaned in
advisece, and noie the weight of the iest portion 1o within | mg-

Follow the procedune mdicanad in the insructions fof use of the apparabes for the
product to be tested, in paricular with rogard 10 the sdjusting of emperaties, the
dumion af the tast and the recording of the weight mading=.

Expression of resulis

41 Resalt
Thee rrsull should be the arithmenic mean of e e detenminations, provided thatthe
conditions of repeatability (4.2) are satisfed. Beport the result i one decimal place,

42 Repeatability
The difference i absolule value befwien the respective resulis of the wo
detzrmingtions performed simulmnecushy or ane immadisely afier the otber by the
samne aperator, under the same conditlons on kdenticsl test material, mes not excesd
2%

Teal repart

Thee test report must staie the method wsed and the results oblainad. The fepot mist comain all
nfizrmation necessary for the full identification of the sample.

ECETRADLACWE. V2008 16
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ANNEX II: DEFINITHON OF DEFECTS FOR INSHELL WALNUTS
Based on Annex Il of the Standerd Lavoot

A Dhefects of the shell:

Ay defect affecting the. sppearance inchuding:

siaining or discalouration: alnarsal colour which eovers 20% af the surfsce of the
shell of an individual nut s which is of & brown, redilish brown, grey or cier
codour in pronounced contrast with the colour of the rest of the shell or the majarity
af shalls in the ko

adhering dir, when affecting mone than 5 % of the shell surfbee;

adhering ek, when affecting mone than 10% G0 the shell surles;

husking damages: pronounced marks on the shell caused by the operation of
mezhmmically removing the husk.

B Diefecis of the edible pard (kernel);

Any defects affecting the appearance of the kerrel, including hlemishes or areas of discolcurstion:
discolpuration which afTieers mire than cne quarer of the kernel and which Is in promounced comtrast
with the colour of the rest of the kemel

Shrivellad kemels:  Kerned which ls serivesly shronken, wrinkled and tough.

Ripeming defects

fier fresh mns: Keemel which is not sufficiently firm, of which for fresh walnuts: the skim
cannii ensily be peeled off andior of which the intemal central panition does
nol show signs of Timing hicam,

Rancidicy: Oixidetion of lipids ar free fatty acid production producing a disagrecable
fgvisr,

Empity muis: Condition of the walnut in which the kermel has not developed.

=8 Diefects of the shell and kernel

Wihould: Biculd filaments visible to the naked eye.

Deezy: Significant decomgposition caused by the amtion of mioro-organisms.

Insect damage: Visahle demage cassed by insects or other animal parasites or e
presence of dead insects or Esect debris.

Foreign matier: Any maller or maleril nod waslly associged with the produd,

Mineral imperities:  Acid insobable ash.

Foreign smell or taste-Any cdour of flavour that is not characierstic of tee product.
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United States Standards for Grades of Shelled Walnnts (Juglans regia) '

General

512275 Application.

512276 Cobor charn

Girndes

312277 U5 Mo 1.
3128 S, Commencial
Unclassified

51.227% Unclassified.

Telerances fr Cerade Defecis
51,2280 Tolerances for grade dedects.
Color Requirements

S1ZIRD Color clasaification
51.22E2 Tolemmees for color,
312263 Off coller.

Size Hequirements

51,2284 Sire classifications.
51,2282 Tolerences for size.
Application of Tolerances
51.22B5 Applization of inlerances.
Definitions

51.2ZET Well dried.

51.22BE Cheam.

31,2265 Shell.

31.2290 Inseot injory.

51.2291 Rancidity.

51,2202 Dhanage.

21,2293 Serious damage.

E1.22% Very serious damage
51,2295 Half kermel.

412296 Three- fourths balf kemel.
Ceeneral

5512275 Applicatios.

The standards conmined in this sebpert spply only fo walnuls commanly keown as English or
Persian walnins {Juglens regle). They do not apply io walmes commonly known as black walmots
{luglans nigrak

I|.'l'l'|'"l|ll:l: wiiih the peovivions of those starcderh shall ol evowie Eibare 1o oornply’ wilk e peesisons of e
Faziernl Friod, Deug sand Cronctic Ao, or with implicable Sule s and regalatons.

§51.2127T% Color chart.

The color chart (US04 Walmn Colar Chart) o which reference @ sade in 5312281 and
51,226 ifhesirates the four shades of walmet skin color listed as color chssifcations.

{m) Availahilicy of enlor chart. The USDA Walnut Color Chart cited i this subpart bas boen
Tilid with the qriginal dozuseent and & ovailzble for inspection in the Cffior of the Fedoml
Wegister, The color chart is ko pvailable for inspection in the Fruit end Vegetsble Division,
AME, US, Departmest off Agrazubiure, South Building, Washingion, [0C. 30230, inany field
office of the Fresh Fruit and Vepetable [sspection Service of the Frait and Vegetahle Division, or
wpon request of any methorized nspector of sech Service. Coples of the color chart many be
prchesed from Munsell Color Co, Iné., 2441 North Cabvert Street, Haltimons, Md. 21218,
Caraies

E51.2277 LA No. 1.

"I Mo. 17 consises of portions of walmst kemels which ape well dried, <lean, freg from shell,
Treign manertal, insect imjury, decay, rencidity, and free from demage cossed by shriveling, mokd,
discolomtion of the met or ather mesns. (See 512280

{m) Cishior shaill be specifiead in connection with this grade in s of one of the color
classificabions. [See §E51. 2276, 51 2381 and 51 2242

) Size skall be specified in conmestion with this grade in temm of ane of the size classifcatons.
(B2 G551 2264 and 512285

§51.227H U5 Commsercial.

L5, Commervial” oomsists of portions of walmnt kemels which mest the requirements of 115
Mo | grade, except for increased toderances. (See §51 X240L)

() Cisbor of walnis in s grade shall be not darker than “smber” classification, and color need
i e specifind, Howevwer, color may ke specified in connection with the grade in terms of one of
the colar classifications, (Ses §§51.227h, S0.22010 and 312282}

{&) Size shall be sperified in connection with this grade i ems of one of the size clssificotions.
[See GES0. 2284 and 51.2285.)

Unclassified

§51-2279 Unclassified.

e |assidied” consists of | of walnu kermels which hawe not been clessfiod in seccondance
with gither of the foregoing grades. The temm “enclassified® is not a grade within the meaning of

this: tamdssds, bt i peovided is o designation to show that no grade has been applied to the k.

Tolernnces for Grade Defects.

§51.2280 Tolerwnces for grade defects,

() All pervemages shall be calculabed on the basss of weight

() In ceder in allow for varistions, other than for color and sis, incident w0 proper grading
hasidllinig, inlerances saall b= permitied for the respective grades a= indicated in Table I:
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Takde |

Tudesunns for grade defios
Firade Tosal defioois Sevioun dhm s Wery serionns damugge | Shell and Swwi gn
el
Ferceal Pereeal Pervent Percens
LI e — 312 dincheded in3 I incheded in &3 (ncdwdedin |
perces iotal parceni scrices peromt vesy sorn
defieti), dimigrh Hamagsl
0% emmesel-—-—— B4 lichadedind 2 (EEludedind LD ERETRIT L
percent il [P EaE [RrRaT: ey sETiaun
deferis). Arge -

Color Reguiremests

512281 Color dassifications.

The following classifications are provided W desexibe the color ol any ka; "Exrs Light™, "Lighe,
“Light Amber” or "Amiber”, The portions of kemels in the kot shall nod be darker San the darkest
enlor parmitind in the specified classification as shown on the color charl.

E51.IIEY Toberances fwr enlor.

(&) All perosiiiges shall be cakulated on the besi of weight

b In ander i allow for varaiions incldent io proper groding snd hendling, inlerances shall be
-Pgrrﬂgd Fizr he respective color clissilfealsons s i leried b Table 11

Table 11
Trdermnce for oolar
Calar a .
Dt tham eoms Mhartar thar Bght Darker dhoan lighs larker #on amber’
hght' ermber'
Extei ightreer—seees 15 parcont 2 peroere {included
in 15 penacnt dadcs
thaam geetrm Mgha
L gt e 15 peroent L L LI [ —
in 15 perceai darker
i [l
Light pnber—-- 13 poreant I pereem lischidel
In 0} pescare darker
thar: bl snber)
T A 1 '

e || ariraaon of tea iomn on ookor charl.

§51.2285 O codor.
Thz ierm “off color” i= mot 8 color classification, bul shall be applied 10 any ot which fuils o mest
the requirements of the "Amber® chssification.

Sixe Reqsirements
§51-2284 Sixe chassification.

The: fidliwing classifications are provided o describe the size of any lot: *Halves", *Fioces and
Flalves”, "Pusees™ or "Smadl Piece®. The sie of portions of kemels in e lof shall conform 1o the
requirericars of the spocified ¢ lessification e defined below:

ja) Hiahves, Lot consists of £5 percent or mare, by weight, kalf kemels, and the remainder
three-fourihe Ball kemek (Se: §51.2285)

(b} Pieces and bahvea, Lot consists of 20 percent of maore, by welght, half kermels, and the
rememder poricns of kirnels that cann fod thicigh a fieve with 2404 inch round openings
Whem a kot 4 thix mini i hee acteml e o halves may be specified.
(See 5122850

ic) Pieces, Lot consists of portions of kernels that canndal pass throeph & saeve with Z4H& inch
romnd openings. [Seo §51.2285.)

idy Small pheces. Lot consists of partions of kemals that pass trough s sieve with 2864 imch
roiend apenings, but thet cennot pass through a sieve with 264 inch roend openings. When
dezared, the setuad size ranges witkin such size ranges may be specified. (See §51.2285)
§51.2205 Tolersneds Tor size.

i) All pereenrages shall be caloalted on the basis of weight.

{hp I ceecder oo allinos £or variations inzident oo proper sizing and handling, iolerances shall be
parmiltisd for thie respective slxe elicsidlcatinns as ind d im Tekda 101

Tabde !LI.
Takianes Far siz:
S dusficion Seradler Lhan WAl . s Ps fareugh Fizs thivaigh Fazs thivaigh
thiees Funbs thiogh 208 | 1A inch round | 1634 inck rouned | L9 inch reund
fedven ich round hede hle Tl Feale:
Frrosmi Parcumt Peroamt Feroeai Ferceat
Hubogger—ee— L] | (Ereduded in
prcendl,
[ L e ] . VB | 5 Cincluded in U {ischetad in 5
1 perezni), el
Phces 25 | 8 vt i | b finchaded in 5
25 pendl peavaT)
B el M— ] [ e —

I —
e o ol sy I sball b woa] b vt B9 peroige o v es sequinnd of Specilied i 0ot al  [iees b

halves™
b snlerasces of 10 pereent wnd 2 pereent Tor el pieess® ehicdi ot shall apply. sspectively. w0 eny salier

rrsiad e of WAy Terger mindeven sines specified
Application of Tebtrances

E51.2286 Application of toleranoes.
“The saderances provided in these standards are on & lot basis, and they shall be applisd wx

4
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I
compasite sumple represantative of the lol. However, any conlsiser or group of sonlaimes in
which the walnuis are obwioushy of a quality materially different fom thal in the magerity of
einnuiners shall be considered & sepanse |ot, and shall be sampled srpamicly.

e fimitioms

§S1.2287 Will drind.

“ Wil dhrigad™ miczsna et the: portion of kernel is fim end crisp, not plisble or leathery.

§51.2288 Chean,

“Clean® mesme the the appeirsnce of the indsvidus pomios of kemel, or of the kot as & whaole, is
not materialhy affected by sdleering diet, dirt or other Toneign malerial.

K512289 Shell.

*Shell* meams the cuter shell anddor the wondy parition Trom between the hiboes of the kemel,
wnd ey fregments of either.

§51.2290 Inseet injury.

“Frracel ingury” means that tae imsect, weh, frass or other ovidence of imsects s present on the
partien of kemel,

§51.12%1 Rancidity.

“Rancidily” messs that the partion of kemned is niticeably rancid 1o the msie. Rencidity should not
be ponfused with n =hightly maringen Mavar of e gellick (skin) or with saleness (ihe smge o
which the flavor is flat bt mot objecliomble),

§51,1292 Damage.

"Damige® means any defect, other than colar, which inlhy alfects the spp i The
dibhe o shipping quality of te individuel portion of kemel, or of the lot as a whole. Any one ol
tha: Tl biwingg defieces o any combination of defeots de serd of which 3s the

maimum alkwsd fior any one defect shall be considered s demage:

() Shriveling when mars: Sen coc-eghth of the pontion of keme is severely shriveled, or o
greater area is affected by lesser degross of shriveling prodecing an equally objectionable
appearance, axcept that kemals whick ane thin i cross-section bul which ane othersise sommally
developed shall nod be considered as d. 1

vy Pdakd weheen plaindy visible;

(&) Diseoloration of the mext wien more than one-gighth the velume of the portion of kemel is
severely disenloned, or a greater volume i affecied by lesser degrees of discolonstion prodwesing
an equally otgecionable appeirance;

{di Mot well dried; and,

{eh Mot clean.

512195 Serious damage.

*Serinus damage” means sy defect, other than color, which serimusly alTass the sppearance, o
the alibile or shipping quality of the individual portion of kemel or of the kot as a whole, Any o
al the Following defiscts or any comhination of defects the seriousness of which exceeds the
s imun allowed Tof any one dedect shall be considered e serious damage:

b Shriveling whes more this ene-found of the kemnel is severely shriveled. or 2 greater are is
affecied by lesser degroes of shriveling peodecing an equally abjecnonsble appasrance;

) Modd when plainly visible on muore than one-gighth of the surface ol the kemel s the
aggregate; and,

{c} Discolontion of the meat wien mere then one-fourth the volume of the portios of kermel is
severely discolored, or o greater volume is affectsd by lossor dogroes of discoloration prodecing
an equally ohjsctionable appearance.

EELLEEM Very seriems damage.

"Npry serions desvcipe” mesars any defect, ofher than color, which very seriously affects de
appearan, o the edisk: of ghipping quality of the individusl portion of kemel or of the lotes a
whale. Amy one of e Tollowing defocts or any combinmion of defects the sericusness of which
exceeds the maximum allowed for any one deffoct shall be considened af very sefious damage:
|} Shriveling when more than 50 percent of the portion af kel i severely shriveled,

b Miodd when plainky visible on more than oeg-fourth of the surfice of the portion of kermel in
the aggreguie;

() Diseolontion of the meat wihen more then one-half the voleme of the porion of kermel is
severely diseoloned;

1) Insect injery;

() Rancidity or decay; and,

I Shell, oo any Forsipn malerial

5512295 Flalf kernel.

*Half kemel" means the ssparmed half of & kemel with nol sore thas one-sighth broken off.
§501.22% Three-fowrths half kermel.

“Theee-Soarths balf kemel™ means a partion of a half of & kemel which has moms than ong-cights
bl ot oo han ez fiovurth broken of
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United States Standards for Grades of Walnuts (Juglans Regia) in the Shell '

Gemeral

511545 Application.

51246 Codor chat,

5157 Methid ol inspection
Garades

SLEMELLS Mo 1.

51,2049 1.5 No. 2.

51,2050 1.5 Mo, 3.

Unclaszifiehd

51951 Unclassified

Siee Specificntions

51,2952 Size specifications.

Variety or Type Specifications
512953 Varisty of type speificanions,
Tobernnces for Grado Defect
41.2954 Tolerances for prade defocta,
Application of Tolernnces

51,2955 Application of solerances.
Diefinitinas

31,2056 Practically chem

41.2057 Bright.

L1.295E Splits.

51.2059 Injury by discoloration.
51.2960 Dumage.

S1.2961 Well drezd.

512967 Decwy.

512963 Deark diseoioearion.

51.2964 Rancidity,

512965 Fairly cleam

512966 Serious damege.

GGemsral

ES1.245 Applicaiics.

The standards comtaingd in this abjian gply onty oo walnuis commanly known e English or
Persion walnuts (fuglans regis), Thew dio not apply 4o dhe walmets commionly known as black

"packing =fth fhad i conif wilh Ohe feupi o e mandands sl nos eocuss filurs o comply
with the prosisions of (e Foderal Feod, Drug. end Cosmetka Aot of with applicable Smis brws aad roguiations.

§51.2276 Cadar chart,

The ooldor chart (USDA Walat Coldor Char) o whach reference is made in §§51.2231 and
51,2282 illustraies the four shades of walnul skin color listed a3 color classifications

() Avaikability of color chart. The USDA Walnut Coke Chan cited in this sebpart has been
fibed with the criginal document ol is evailable for inspection in the Office of the Fodaral
Pepister. The color cham i alsn avalloble for inspection in the Pruit and Yegetable Division,
AMS, U5 Department of Agnicdoee, South Building, Washisgton, DuC. 20280, in any feld
office of the Fresh Fruit sad Vepeisble Inspeeton Service of the Frult md Vegeinbls Division, or
wpon request of any suthorized inspector af such Service, Copies of the eolor char may be
purchesed from Munsell Color Co., Ing,, 2441 Morth Calver) Sireet, Baltisnoes, Md, 21213
Crrmdes

51,2277 LS. Ma. L.

"115 Mo | ponsisis of portions of walnut kermels which am woll dried, clean, free from shell,
fivrzige materml, reset injury, decay, rncidity, and free from damage cansed by shriveling. mald,
disenloration of the mear or odher means, {S=e §5 120000

) Corkior shall ke specified in conmection with this grade in terms of one of the color
classifications. [3ec §§51.3276, 512280 and 51.22E1)

b Size shall ke specified in connection with this grade is terms of one of Be slze classifioations.
{See §§31 X84 and 51.22E5.)

E51.2278 L& Commercisl.

*LL5. Commescial® consists of portions of welnut kermels wiich med the roguiremacnts of LLS
Wi | grade, except for incrensed tolerenoes. (See §51.2280)

() Cizbire of warlevats i this grade shall be not darker than “amber® classification, and color nesd
nok b mpcified, Hiswever, cake miy be specifiad in connection with the grade im terms of one of
the color chassifcations, (See BES1.2276, 31,2281 sad 51,3242

&) Sime shall be specifial in connection with this grade in teres of ose of the sixe classifications.
|See 6§35 1.2264 and 51.2285.)

Umelassified

B51.2270 Uselassifind

*Usnclassifiad® ennsies of portions of walmet kemels which have not been chssified = sccondance:
with gither af the foregning grades. The term “unclessified"” is not & grade within the meaning of

thes: standards, But i provided as & desigrartion to show that no grade has been applied to tha lot.

Tolerances for Grade Defects

1512280 Toleramces for grade defecis.

{23 All percentages shall be caloulstes on S basis of weight,

(s} Im ceder 8o allow for varations, offer than for color and sze, incident 10 proper gradivg and
handling, derances shall be permimed for the respective grades as indicated im Table 1:
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4413050 1.5 No, 3. -

LIS, Ko, 3° consists of walmets in shells which are dry, fairly <lean, free from splits, end free
from: demage cassed by broken shells, and free from serious damage caused by discolomtion,
perforated shells, adbering hulls or other means. The kemets are well dried, fres from decay, dark
discodoration, rancidity, and free from damage cansed by mold, shrivelisg, insects o other mens.
(%o §51.3954.)

{4 There & B requinesen in this grade S the percentage of walails hiving kernels wisich are
“hight amber” or "light”™, Howeves, the percentage, by count, of nuts with kemeds sot darker than
“light amber™ (6 color charf) which are i from grade dehizcts sadior the percentage with
kemels not darker thean “light™ (oo color chad} whach ane froe from grade defects, may be
speaified in avcordance with the s (Soo §51.2954.)

(b} Size shall b specified in connection with the grade. (See §51.2952.)

Unclassified

§51.2951 Unclassifed.

"Unclassified” consists of walmats in the chell which have nat been classiliad in secordance with
amy of e frepoing grades. The term “enclassifed™ is not a gradic within the meaning of these
standands bul is provided as a designation to show that no grade bas been applied o the kot
Sire Speclfontions

§51.2957 Sare specifications.

Sape chall be specified in accoedance with the Bets in teems al o of the following cassilications:
{a) Mammolh gee. Mammoth size means walnuis of which nol over 12 percent. by count, pass
through & rowend opening 96/64 inches in diameter;

(b} Jumsbo skre. Fombo size mears walnuis of which not aver 12 percent, by coent, pass deough
& Foumd opening BG4 inches in dismseier;

[]) Larpe size, Lange sin: messs walnuls of which nol over 12 percent, by counl, paes Srough a
round apening T764 inches i diamelor; excepl that for walnuts of e Esreka vanety and type,
such limiting dimereion &= 1o dismeter shall be T/64 inches;

{d} Medimm size. Medium size means walnuis of whach at least 88 peroent, by coure, pass
through & roend opening 744 inches in diameter, and of which sot over 12 pencent, by o,
piss throisgh & roend apening T304 inches i disneier,

[a) Stamdard sire. Standard sice means walnuts of which not over 12 percent, by count, pass
through a mund apening 73764 inches in dismeter;

(f) Baby size. Baby size means walnuis of which at least 33 percent, by count, pass through &
round opening T4/%4 inches in diameter, sad of which not over 10 percent, by count, pass thicigh
& st opening S04 Inch in dizmeter; and,

(] Minimwum i or mimd amd i di + Im Figw of one of the foregoing
clnssifications, siom of walmsts may be specified in terms of mini di o mir amed
maximum digmter: Frevided, That not more them 12 percent, by count, pass through & round Bode
of the specified minimum diameter, and of least B8 percent, by count, pass theough o round o
af ey specified muimum dameies.

Variely ar Type Specilications

§51.2933 Variety or fype specifications.

The variety or type of any lot, of walsts in the shell may be specified in pecordance with the faces

3

as follows:
&) 1T the Izt |5 of one nemed woriety, that vericty name may b specifiol, Provided, Tha not over
10 pertaznt, by count, of the wlnuts in the lot are of snother varicty or typs than thit specifiad;

and,

(b 1F e bl i8 4 mistiine of Twoe of more distinet verieties or bypes it may be specified as " Mivd

Varieties".

Taolerasces for Grade Defects

E50.2954 Tolerances for Grade Defects.

In ovrdier 1 slbowe Bor variations incident te proper grading smd handling, the Falknsing inlerances

shall be permitied for nuis which f2il o meet the requirements of the nespectivg gradi a3

indicated, Tiermis in quotation marks refer 4o color olassifications illustrmed on the color chirt,
Tebsrunces e Corade Defects

Tl Exrmed ishell) Defen Irismaal {Eemmal) defeca Crdor af Ezmcl

LLE Mo | . Mo, by oourt farsglis 5 10 potiotd by count, inchuding Mo indorasor ke rakae

pet by cound, for ather sl . ereless Whin gt wlich e bt pepained 7O gt of

AdeFects, indhading o mone damagad by makd of lamoa e “lgght ambar® koeds

famn 1 pe meriaesly davogerl.  acniouly desugeal by other o e peapaivdad A pot
e, of which not e than of “ight™ bessch or
3 or 8 poi ey be damaged by iy b piisikinn:
st bt e port ol &y of "Rght ambar™ or
demnceshall ke sllawed for - “light” kemeds
il conlaining live ibeon.  spedified

[UER T I 10 pet, 55 oo, Sarnplin. 19 18 ot intal, by cound, inchading. Mo kabrae o reducs
pet, by, e otherabel ool morethen B pocwhichae e requlned 80 penar
diefers, ol uding not an damaged iy reold arimaciner oy apecifiod lages
thas & poi serran durage by seriously dameged by oiher pesoiTiRge of Tight

wdhering halls mmna. al which rod mione fun aminr” kameln ar ey
8% or & pot wmry be damagrdl by spexifial percamgeal
iheds. Bl 1 pan of aTy “ight” barnei.
talerance shall be aliowod fir
il ks GoakEniRg Bve inesns.
U5 Ma Ja R s abwres ixberance far Sarnc s above wleranes fix P e 1 ki
[TEA S LLE, Mo, 2 wre; pavcenings of
gt arnker® or ight”
Kerreel specified,
Application of Telerancre

B51.2955 Appllcation of tolernnces.
Tha: seiberances peovided in dhese sinndards are on & bot basis, and they shall be applied 104

p sl Te] of the kot Hi - amy wentifiable container or group ol
comiainers in which the weinuts eee ohviously of o geality materielly different from that im the
majority of the ireeri shall e idered s o separate koo, and shall be sampled sspansiely,

D fimichoms
512956 Practically clean.
*Practicslly ¢ lean® memns thid, from the viewpoint of general spprarnee, the walsals an:
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practically free from adbering dirt or other Forvign matter, and tha individus] walsuts are no
demaged by such means. A slightly chalky deposit om the shell s chardtenstic of many hicacked
riiils st shall naot be considered 2= dint or foreign matter.

§51. 1057 Beright

“Bright™ means & fuirly light, smractive sppeasance. A slight chalky deposit on the shell shall not
b oo s alfesding brightnes.

§51. 195 Splits,

~Siplits* means walnuts with the seam opened comphitely srowd the nut so thar dee o hahves of
thhe: shezll are held together calby by the kermel.

§51.1059 lajury by disceloration.

“Injury by decoketion” means thai the color of the affectsd portion of the shell ohjeclionahly
comraets with the color of the resi of the shell of dhe individual et

512060 Damage.

“Dlemage” means any specific defiect mestioned in this section; or axy equally chjectionable
viristion of any one of thess diefiects, any ol defect, o any combinason of defists which
materially deiracts from the appearance or the edible or shipping guality of the individual waln
or the lot &5 a whaole. The following specific defiscts shall be corsidensd 3 damage:

%) Rrcken shells when the erea from which a portion of the shall is missing is greater than the
anes of a eirele one-fount ok in dissresier; or when she two halves of the shell have become
comphetely broken apart snd separsted from each other,

by Perforaii) shells when the anca sffizcted agpregmes more than thes of & circle cne-fourth inch
in diameter, The ferm "perforated shells” means imperfiocily developed areas oo the shell
resemibling abrasions and usally inchaling sl hole p g thee shell wadl,

i) Adhering bulls when affecting more than § percent of the s8] surffacs;

iy INscoloretion (or stain} which covers, in the aggregate., one-fillh or man: of the surfice of the
alell of an Edividual nut, and which i brown, meddish brown, gray, or other celor in promounced
ol with e eolor of the rest of the shell or the magority of shells in the lot, or dareer
dmcokorataon cxvering a smaller area if the appearance i equmlly otjectionable;

{e} Mold whes atisched 10 the kernel and comsploncus; or when incoaspicucus white or gray
mald affects an sggregats ancs binger than one square centimeier or one-esghth of the entie
sorface of the kernel, wiachever is the heser sa;

{£) Shriveling when more than 5 percent of the serface of the kernel, ineluding both hilses, &
severely shriveled, or & gresber ane is affieched by hesser degross of shriveling pridusing an
sapally nhjectionable appennace. Kemels which are thin in cross section bul which ane olberwise
mormally developed shall got be corsidernsd as damaged; and,

() Insects when in et of inseet fragerent, web or frass is present imsade the shell. or the kermel
shows distinet evidines of nsest fesding.

ES1.2901 Well dried.

*Widl dried” means that the kemnel is firm and crisp, mot plisble or keathery,

§51.2962 Decay.

Doy mesns that any portion of the kemel &s decomposed.

512963 Dark discolortion,

*Dark disooloration” means that the color of the skin of the bemel is dafker San “amber™. (See

color chart.)
§51.2964 Rascidity.
"Rancidiny” means the stage of deterioention in which the kemel bas developed a rancid flavor.
Rancidity showld nol be confused with a slightly sstringent flavee of the pellicle (skin) or with
staleness, the stage 31 which e Mvor is Mt b not distesiefial
§51.2965 Fairly clean.
*Fairy clean® mearns that, from the viewpoint of general wp the Jot & not sexrious)
damagod by sdhesing dirt or other foreign matter, and that individeal walnuts are not costed ar
caked wigh dirt or forelga matier. Both the amount of surface affecied and the color of the dirt
shall be taken imo considention.
§51.2966 Serious damage.
*Serious damage” mesns any spevific defect mentioned in S section; or ms ogually objectionable
variation of amy one of these defects, smy other defost, of any combisation of defeces which
seriously detracts from the appearmce or the edible or shipping guality of the walsut. The
following specific defects shall be considered as seriows damags:
() Discodoration (cr stain} which covers, in the aggregate, one-third or more of the surface of the
shell of an individual sut sad which is beown, reddish brown, gray, or other color in promounced
wntralwnhmecolxdlherulolmMormemgomyofdlclhmthelo(.nrm
discolorstion covering & smallier area If the ap s equally objects
(b)mdshllswhmﬁmaﬂwdwmmﬂmohmkmmwhmf
2 inch in diameser. The teem *perforsed shells™ means imperfecily developed areas on the shell
resembling abeasions and usually including small holes peneteating the shell wall;
() Adhering hulls when affecting more than cae-cighth of the shell surface in the sggregale,
(d) Shriveling when both halves of the kernel are affected by severe shriveling over an s
isling more thas coe-eighth of the sorface; or when both halves arv affected over 3 greater ares
by lesser degrees of shriveling peaduciag e equally cbjectionable appearance. When one of the
halves of the kernel shoms 0o shriveling, the kemed shall not be considered sericusly damaged
unless the other half shows shriveling w the extent that over 50 parcent of its surface is sevesely
shriveled, or a grester arca is affocted by lesser degrees of sheiveling producing an equally
ob,«xmhle sppearance. Kermels which are thin in cross section, but which are otherwise

loped shall not be considerod as damag
(e)Rumdl)otdoclrmd.
(1) Uncueed kemmels which are wet, rubbery and “green”.
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Walnut Assessment Guide 2008

How to assess each variety — using 20 walnuts for each batch

Shell attractiveness
This is an overall visual assessment on the appearance of the in-shell walnut.
Take into account the smoothness, colour, shape and size.

Shell seal and strength

Drop each walnut from shoulder height onto concrete, and then squeeze each
walnut to test whether the seal opens. For every walnut that is firmly in tact score
1 point.

Crackout %
Anything 50% or over gets 20 points.
Take 2 points off for every 1% down on 50%.

Ease of extraction
Does the kernel come easily out of the shell?

Kernel shape
Does the kernel come easily into halves? Is there uniformity and
consistency in the half shape?

Kernel flavour
Pleasant — bland — awful

Kernel colour
Light tan or blond — dark

20

20

20

10

10
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Sensory Evaluation Questionnaire

Sex Male O Female O

Agerange <19 m] 1925 0O 2630 O 3150 O =>50 O

Smoker? Yes O No O

How do you drink your coffee? Strong OMedium O Weak O  Not applicable O

How do you drink your tea? Strong O Medium O Weak O  Not applicable O
How much spicy food do you eat? Alotd Medium O Small amountd Not applicable O

Please evaluate the samples of walnuts, fill in the code number your evaluation for each sample.

TASTE
Sample Flavoursome Tasteless
P - very Flavoursome | Mild taste Awful
Number pleasant - bland




AFTER TASTE
Sample Flavoursome Flavoursome | Mild taste Tasteless - Awful
Number -very pleasant bland

Thank you very much
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