Nood aan noot:
Potential valorisation of
walnut waste streams
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Introduction

Within the project "Nood aan Noot”, the potential of Flemish nut cultivation and processing is being explored.
The project aims to promote sustainable land use, sustainable food production, and local protein provision.
This factsheet focuses on exploring the potential applications of walnut waste streams to enhance
profitability. To that end, we have compiled a non-exhaustive list of existing and potential uses to inspire
farmers and processors of walnuts. However, we make no statements on possible earnings, as these can be
influenced by various factors such as growing conditions, production capacity, farmers’ marketing and sales
abilities, and local market conditions, among others.

Walnuts: more than just nuts

Increased cultivation - increased waste streams

Driven by the growing interest in sustainable and locally sourced food production, the walnut cultivation industry in
Flanders has experienced a remarkable surge, expanding in the last decade from less than 20 hectares to nearly 100
hectares. This increase in walnut cultivation will likely result in a significant volume of waste streams in the near future.
While the main emphasis remains on core products like whole nuts, kernels, and oil, there’s also an emerging market for the
waste streams. The present scenario in Flanders concerning walnut waste streams primarily involves disposal through
methods like providing it as cattle feed, rather than actively exploring business opportunities. This is mainly due to the
lower volumes of waste streams associated with an individual farmer. With continuous increase in local walnut production,
we expect that there will be a higher tendency towards valorisation of these waste streams rather than disposing of them
or merely using them as animal feed.

The valorisation of walnut waste streams can also be an interesting business start-up opportunity characterized by a
potential of multiple product lines, diversifying risks. With limited existing competitors and a growing base of local
suppliers, it offers a great potential for growth. The ever-increasing supply of walnut waste augments the sustainability
aspect of the enterprise, while the low capital requirements ensure feasibility of walnut cultivation to a broader pool of
potential entrepreneurs.

Walnut: one tree, many branches

Walnut fruits are composed of three primary

components: the walnut kernel, walnut shell,
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comes with significant investment such as
machinery for dehulling, deshelling, sorting,
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harnessed, and valorised to generate
supplementary income.
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Current and potential waste streams
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Figure 1: Walnut: More than just nuts

Waste streams in humbers:
agroforestry vs full plantation system

Volume fresh nuts
with husk
(kg/ha)!
Agroforestry System
(silvorarable alley cropping) 1800 108
36 trees/ha
Agroforestry System
(silvopastoral system: tree spacing = 12m x 12m 6350 381
127 trees/ha
Full walnut plantation
tree spacing = 7m x 7m 13000 780
260 trees/ha

1. Assuming that the production capacity per tree is constant across the three systems; with a production peak of 50kgs of fresh walnut biomass per tree per year (which
includes husk and 20kgs of fresh nuts); 2. It is assumed that the green husk of walnut forms 60% of total fresh walnut biomass; 3. It is assumed that the shell constitutes 50%
of the weight of a dry walnut (approx. weight loss of 40% due to drying from the weight of fresh nuts is assumed); 4. One kg of kernel produces about 500 gms of pressed
oilcake

Oilcake
(kg/ha)*




Walnut husk:
valorisation beyond traditional liqueur

Husk Mulch - compost

The green husk of walnut forms the bulk (about 57-60%) of total fresh
walnut biomass and is generally considered as a waste. Due to the presence
of the allelopathic compound juglone, the direct use of green husk as mulch
or compost material is not recommended. Juglone, which occurs naturally
in all parts of the tree, negatively impacts the overall survival of nearby
plants. Although, the presence of this compound is more pronounced in the
black walnuts (Juglans nigra) compared to the commonly used varieties of
the common walnut (Juglans regia) in Flanders.

Current application

Current large-scale applications of walnut husk include the production of
walnut liqueur using unripe walnuts. Unripe walnuts have a higher
concentration of phenolic compounds, an essential constituent of the
liqueur. Therefore, prioritizing liqueur production can lead to a reduction in
the quantity of mature walnuts. A potential approach might involve early
walnut weight harvesting in the initial years to prioritize liqueur production while
focusing on nut production during peak harvest years.

Total fresh

POtentia| USG Wa|nUt hUSkS While the use of husk for walnut liqueur production can be

implemented on the farm level, other potential applications

highlighted below involving phenolic compounds, pectin, and

dyeing agents are more industrial. In this scenario, farmers can

""" serve as suppliers to these industries by sorting waste streams.
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Phenolic
compounds

The total phenolic content (TPC) present in green
walnut husks tends to be at the higher end
compared to the TPC typically observed in waste
streams from fruits and vegetables.
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Dye

Juglone, characterized by its deep reddish-
brown hue, is recognized under the dye
classification C.I Natural Brown 7.

Applications - Opportunities

e Food and Beverage: used as food additives,
natural antioxidants or preservatives that
can extend the shelf life of food products.

e Cosmetics and Fragrance: included in
skincare products due to their antioxidant
and anti-aging properties and to fragrances
due to their ability to add unique notes and
depth to scents.

e Agriculture: can act as natural pesticides,
herbicides, and fungicides.

Applications - Opportunities

e Juglone present in the walnut husk can be
used as a sustainable dyeing agent
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Pectin

The pectin content of husk is comparable to that
of orange peel, a common source of pectin.
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Applications - Opportunities

e High-methoxy pectins: used as a thickening
and gelling agent in the formulation of fruit
jams, jellies, and preserves.

e Emulsifier: found to be an effective
emulsifier and can be used in food industry

(dressings and sauces), cosmetics, paints etc
*
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The total phenolic and flavonoid compounds tend to
diminish as walnuts mature. Consequently, the
traditional practice of harvesting nuts by shaking the
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tree after the husk naturally opens would result in a
reduced potential for valorising the husk.
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Walnut shell, often overlooked, offers
a high valorisation potential

50%

Kernel Current application

Approximately 50% of a dry walnut's weight is comprised of its
discarded shell, presenting significant potential for valorization all
while providing an excellent opportunity to add value to this
agricultural waste.

Crushed walnut shells are used as a natural, biodegradable abrasive
material for sandblasting and cleaning surfaces. They are particularly
useful in delicate applications, such as cleaning aircraft engines or
historic artifacts. The relatively low hardness of walnut shell granules

hell makes them ideal for surface treatments, as they do not cause any

Dry walnut weight

material loss.

Potential use walnut shell
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Fillers for construction

e Walnut shell was found to be more
hydrophobic than wood. A polymer-based
composite material containing walnut shell
fillers offer significant commercial benefits in
outdoor constructions such as flooring or
fencing that require high environmental
resistance.

e Ground walnut shells can also be used as
additives due to its non-skid and anti-slip
properties in flooring applications.
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Pet litter :
Ground walnut shells can be found E
in some natural pet litters. They »—4 -
offer good odour control and are #1-?\6 .
environmentally friendly. /_T/ \ l‘\ a
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Cosmetics & Personal
care products

Finely ground walnut shells can be found
in some exfoliating scrubs and cleansers,
where they help remove dead skin cells.
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Fuel/Energy
source

Walnut shells are found to have energy
content (calorific value) comparable to that
of coal. Pellets made from walnut shells can
be used for heating. Pelleting increases the
energy concentration thereby reducing the
transport cost per unit of energy.
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Walnut kernel:
ollcake, Is it merely feed or a superfood?

Walnut oilcake - nutritional profile

Walnut oilcake, a by-product of walnut processing, is derived following
the extraction of oil from walnut kernels, typically through cold
pressing methods that retain a significant portion of proteins within
the walnut oilcake. Moreover, most of the antioxidant capacity within
walnuts is concentrated in the defatted walnut oilcake.

Oilcake
50%

Current application

Human consumption of this by-product is quite low, with most of it
used as animal feed due to its off-flavor. It's important to note that
while walnut oilcake is commonly utilized in animal feed, it usually sells
at low prices. However, through product innovation and formulation,
this nutritionally rich resource can be marketed at higher prices for
human and pet consumption.

It's also important to recognize that as we transition from utilizing this

oilcake for animal feed to pet food and eventually to human

consumption, there will be an increased importance placed on adhering Dry walnut kernel
to food legislation and meeting food safety standards. wei ght
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- || BywEig || WEnselkEe E Proximate compositional analysis indicates
- £l - that per 100 grams, a walnut kernel contains
= o B : approximately 4% moisture, 4% ash, over 60%
= g 40 : fat, 3-7% carbohydrates, about 15% protein,
- g 30 : and provides 720 Kcal of energy (Pereira et
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Potential of walnut oilcake as cattle
feed: results of fodder value analyses

Fodder value of walnut oilcake for ruminants

The current application for walnut oilcake includes its use for animal feed, particularly feed for ruminants. This part of the
factsheet highlights the potential of walnut oilcake as a supplement in cattle feed. To this end, we carried out a fodder value

analysis on the walnut oilcake samples from different pressings at two farms (see table below).

Due to the smaller quantities of oilcake typically associated with individual farmers, they may not have enough to engage
with the industry. However, for local farmers, this product presents an interesting option, particularly when facing clover
shortages in their ration. Walnut oilcake can also reduce the dependence on expensive protein concentrates and imported
protein-rich crops such as soybean.

Challenges

e The walnut oilcake, primarily composed of unsaturated fatty acids, is prone to rancidity and off-flavors.

e The rumen-degradable fat in walnut oilcake can also negatively impact rumen fermentation, reducing feed intake and

digestibility.
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Despite these challenges, walnut oilcake has a moderate amount of limiting amino acids and a positive OEB,
making it a viable supplement to traditional cattle feed. When produced on-farm, it serves as a valuable resource,
though higher-value applications may be possible (see part ‘Walnut oilcake- Is it merely feed or a superfood?’)
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Analysis results

Composition
parameters
(9/kg DM)

Limiting amino
acids
(9/kg DM)

Energy value
parameters

Protein
parameters
(/kg DM)

Trace elements
(mg/kg DM)

Crude protein
Crude fat
Crude cell wall
Lysine
Methionine
Histidine
Digestibility of
organic matter (%)
VEM (/kg DM)
FOS
DVE
OEB
Fe
Mn
Cu
Zn

Pressing 1

462
122
55
13,23
7,65
8,82

94,28

1333
587
180
236
73,5
68,9
21,5
1154

Processor 2

Pressing 2

485
121
57
12,58
7,88
8,68

94,92

1347
593
187
251
715
69,6
18,5
94,9

Pressing 3

391
165
136
11,4
6,98
7,81

77,85

1206
439
135
208
59,0
36,4
17,5
66,9

Because the effective resistance of the crude protein (%BRE) and its intestinal digestibility (%DVBE) was not analyzed, the %BRE (27%) and %DVBE (97%) of peanut scrap/expellers from
the CVB animal feed table were used for the calculations. We also assumed the absence of starch in these samples. The VEM is calculated from digestible organic matter, based on
formulas coming from De Boever et al. 1999.

FOS- fermentable organic matter in the rumen of the cattle / VEM- Net energy content for dairy cattle / VOS- Digestible organic matter / DVE- Digestible protein in small intestine
OEB- Scale which represents the available amount of protein of the feed against the amount of protein which is needed by the microbes in the intestines.



Interesting findings
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Energy value

e The average fat content from the five samples analyzed was 208 g/kg DM (this was higher compared to
the 110 g/kg DM seen in literature; Gheise et al., 2022) . However, we observed a significant variance in the
fat content in different samples. This is likely due to the pressing techniques and/or the varieties.

e Walnut oilcake primarily contains unsaturated fatty acids, mainly omega-6 fatty acids, making it
susceptible to degradation from sunlight and oxygen exposure, resulting in rancidity and undesirable
flavors. One preservation method involves vacuum packaging or avoiding long-term storage. However,
walnut oilcake is also reported to have high antioxidant activity, which reduces the risk of lipid oxidation
and thereby delays the onset of off-flavors.

e Fats are often added to increase the energy density of rations, benefiting ruminants' overall health, milk
production, and reproduction. However, the fat found in walnut oilcake is no longer enclosed within the
cell wall (rumen-degradable fat). This can potentially hinder rumen fermentation, inhibiting the growth of
rumen bacteria leading to decrease in feed digestibility and feed intake for cows. Nevertheless, this issue is
less significant with walnut oilcake, as producers aim to minimize the fat content remaining in the oilcake
during walnut oil production.
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Lysine and methionine

e The average Lysine (Lys) and Methionine (Met) content from the five samples analyzed was around 11 and
6,5 g/kg DM respectively. These values are comparable to soybean meal (Lys- 26,6 g/kg and Met- 6,2 g/kg),
a common source of supplemental Lys and Met and corn (Lys- 2,4 g/kg and Met- 1,7 g/kg).

e Met) and Lys are generally considered limiting amino acids in the diet of ruminants, potentially limiting
milk production. Balancing these limiting amino acids is highly beneficial especially in transition cows
which spans from 21 days before calving to 21 days after calving. This not only increases the dry matter
intake, milk yield, and milk protein concentrations but also improves the overall physiology of the
ruminant.

e It must be noted that, only a small fraction of dietary protein along with its constituent amino acids
passes through the rumen while most of it is either broken down by rumen microorganisms. Hence, the
use of rumen protected-Met and -Lys is widely described in the literature, and multiple commercial
products are available for dairy farmers.

e Furthermore, the average histidine (His) content from the five samples was around 7.9 g/kg DM. His is also
considered a limiting amino acid in dairy cows consuming grass silage and grain based diets.
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Proteins

e The average crude protein content (CP) from the five samples analyzed was 414 g/kg DM. The
recommended target value for crude protein in ration is 150 g/kg DM. However, most feed sources such as
roughages and corn (68 g/kg DM) have lower CP. This can be improved by supplementing the feed with
protein rich sources such as walnut oilcake.

e Walnut oilcake has an OEB value of 208 /kg of dry matter. This suggests that there is an excess of
fermentable protein relative to fermentable energy in the diet. This excess protein could potentially lead
to increased microbial protein synthesis in the rumen, which can be beneficial for milk production but
may also result in higher nitrogen excretion and associated environmental impacts if not properly
managed. One potential solution could be mixing the walnut oilcake with traditional cattle feed with
negative OEB (roughages such as corn silage with an average OEB value of -46 /kg DM)
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