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Thesis Statement
Almond hulls are a versatile by-product feed containing high levels of fermentable fiber and sugars. They
can be used as an economical substitute for poorer quality or imported forages in certain markets,
resulting in increased milk production and better rumen health. They can also be substituted into
rations as concentrate, replacing a portion of starch from corn, and fermentable fiber from other
by-product feeds such as soy hulls resulting in similar milk production at a lower cost.

Abstract
The following report provides a description of almond hulls as a feedstuff, and the early realization that
they could be useful for ruminant animals. Research has been conducted using various species of
ruminants with positive results. Almond hulls are currently the most utilized (by number of dairies)
by-product fed in California, the number one dairy producing state in the U.S., with over 1.7 million dairy
cattle. University and commercial trials have been conducted demonstrating the efficacy of almond hulls
as a substitute for both forage and concentrate. Our targeted dairy producer or feed manufacturer
audience in Asia will be more likely to use almond hulls if they can be shown to be beneficial under local
conditions. Because controlled University or research center feeding trials are quite expensive and
typically utilize a limited number of animals, and commercial scale trials require large tonnage of product
over an extended period, we recommend a novel in vitro gas system TMR evaluation to demonstrate the
value of almond hulls under local conditions. This system was validated when run in parallel with the
reported Chinese dairy feeding trial in 2017. Results for the in vitro evaluation were similar to the 200 –
animal Chinese trial and required considerably less time and feed. With this technology, multiple
formulations can be evaluated simultaneously to determine the most effective level of almond hulls and

substitution rates. Rations can be formulated on the ‘lab bench’ and fermented, demonstrating the
benefits of adding hulls, those benefits being either cost savings, additional milk production, or both.
Both the predicted ‘lab bench’ cost savings, and the Fermentrics prediction of up to 4 kg additional milk
potential, were confirmed by the 2017 Chinese feed trial and together have proven to be quite accurate
in predicting performance trends, and as a ration diagnostic tool. In the end, assuming just 1
kg/head/day additional milk production over one year, the addition of about 2kg/day of almond hulls in
the reformulated TMR extrapolates into increased annual revenue of $185,000/year + feed cost savings
of $76,500/year = net positive impact of $263,500/year for 1,000 lactating animals.

Introductory Comments
Almond hulls are an example of by-product feeding on dairy farms used to reduce ration costs, extend
commodities that are in short supply, and recycle otherwise ‘wasted’ nutrients. California almond hull
availability has risen from approximately 370,000 tonnes in 1981 to 2.5 million tonnes in 2020 providing
an opportunity for utilization in multiple markets. (Almond Almanac, 2020)
Hulls can be an excellent source of sugars (up to 35% on DM basis) and digestible fiber. Inclusion of
sugars in typical dairy rations can result in an increase of microbial protein production which can
translate into additional milk production. Current research suggests a level of 7 – 8% sugars in the ration
to be optimal.
Early research published by Weir (1951) identified almond hulls as having potential in sheep fattening
rations but recognized the difference in varieties of hulls, looking at Mission vs IXL variety. It was also
recognized by Velasco et. al. (1965) that contamination (sticks, shells, etc.), as well as variety, has an
impact on the composition and feeding value of almond hulls. On average, the value of hulls and shells
to sheep was approximately 58% that of barley.
Aguilar et. al. (1984) recognized almond hulls as a potential forage replacement and fed at rates of 12.5%
and 25% replacing alfalfa hay, reformulating to maintain protein in the ration. Rations were kept
isonitrogenous while almond hull inclusion rations were marginally lower in calculated Net Energy for
Lactation. Milk production and fat test were not different from control.
Robinson (2017) in a UC Davis Extension Publication discussing the nutritional limits of almond hulls as a
dairy feed, presented a comparison, in Table 1. of typical hulls to conventionally used feedstuffs for
substitution.

Comparative nutrients in almond hulls, alfalfa hay, beet pulp and rice straw.
Chemical
Assays

Units

Almond
Hulls

Ash
Fat

% DM
% DM

8.1
2.5

11.6
1.7

11.4
1.3

Crude protein (CP)
Soluble CP
Indigestible CP

% DM
% CP
% CP

5.6
40
27

22.9
36
4

Neutral detergent fiber (NDF)
dNDF
Acid detergent fiber (ADF)
Lignin(sa)

% DM
% NDF
% DM
% DM

36.7
32
30.0
11.3

Starch
Free sugars

% DM
% DM
Mcal/kg DM

Net energy for lactation

Alfalfa Hay
Low ADF Mid ADF High ADF

Beet
Pulp

Rice
Straw

10.9
1.4

5.9
0.7

15.3
2.0

22.5
36
5

19.6
36
6

9.5
43
4

4.4
30
30

31.3
37
25.3
4.6

35.6
35
28.9
5.3

38.7
34
32.5
6.3

33.1
86
20.3
0.9

69.7
47
48.8
4.4

2.0
17.5

1.9
4.3

1.6
3.6

1.9
4.2

6.5
18.8

3.0
2.9

1.35

1.41

1.30

1.25

2.05

0.88

dNDF = NDF estimated to be digested in the rumen

Table 1. Comparative nutrients in almond hulls, alfalfa hay, beet pulp and rice straw.
An electronic survey mailed to all California ARPAS (American Registry of Professional Animal Scientists)
members reported in the California Dairy Newsletter (2019) tried to gauge the usage of almond hulls in
California Dairy Rations. The 40 nutritionists and 2 feed suppliers responding indicated an average of 2.2
kg/head/day inclusion rate with an (average) range of 0.5 to 5 kg. One respondent was using up to 8.1
kg. These results are similar to those reported by Robinson (2017) in Figure 1, summarizing surveys
conducted in 2008 and 2014 with dairymen, and demonstrates an optimal inclusion rate of about 2 – 2.5
kg/head/day.

Correlation of Almond Hull Level of Dairy Diets with Milk Production
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Figure 1. Correlation of Almond Hull Level of Dairy Diets with Milk Production.

In a survey of California dairymen reported by Heguy, et al. (2019), 81% (118 dairies) of the responding
dairies surveyed indicated that they fed almond hulls, by far the highest participation rate of any
by-product fed.
A reported major concern is stick and shell contamination which will impact composition and digestibility
of almond hulls. DePeters et. al. (2020) reviewed the nutritional composition of almond hulls noting
large variation in 12 commercial samples of hulls divided into 2 subsamples, with one ‘total hulls’ and
the other hand sorted to separate ‘pure hulls’ and ‘debris’. There is considerable difference between
varieties of almond in the amounts of debris, influencing chemical analysis, though in actual practice
debris is not consumed by animals, but left in the feed trough. Although no comprehensive study has
been conducted it was suggested that there may be regional differences in composition, because of
varietal plantings or harvest/hulling differences. There are also differences in older and newer huller
facilities in the amount of debris in the commercial hulls. The proportion of debris in the Nonpareil was
4.7% (SD = 3.08) and others was 6.8% (SD = 4.07). As a by-product feed, there will always be some

amount of stick and shell contamination that varies with variety, region and huller facility. Indeed, most
by-product feeds can be quite variable in composition. Looking at the DairyOne Feed Composition
Library, Table 2 provides a summation of analyses from 2004 through 2020, sugars in hulls average 24.3%
with a range of 15.9 to 32.7% (SD = 8.39). Neutral Detergent Fiber (NDF) averages 38.6%% with a range
of
25.8
to
51.5%
(SD
=
12.86).

Given the quite variable analyses of our nutrients of interest (sugars and fermentable fiber), exporters
would be wise to implement a quality assurance program to characterize the hulls being exported.
In a commercial trial on a large herd in China, almond hulls were incorporated into a ration at 2 kg/
head/day substituting for poor quality corn silage and sugar beet pulp. Rations were reformulated to
maintain protein level. Almond hulls increased sugar while starch was reduced. Physically effective NDF
increased. Rations were fermented in a batch culture rumen fluid gas fermentation system (Fermentrics)
yielding measurements of fast and slow pool carbohydrates and microbial biomass yield, which can be
used to estimate the amount of milk yield from microbial protein assuming adequate energy. Additional
protein for milk production is generally accounted for as ‘rumen bypass’. In this short duration trial,

potential (calculated) milk improvement due to the almond hull inclusion was up to 4 liters per day.
Actual production was increased approximately 1.5 kg/head/day with a slight increase in fat tests.
Management and environment will also impact production response. Further evaluation and
reformulation could be done based on the Fermentrics results to improve production response.
Recent research reported in March 2020 and 2021 by Dr. Ed DePeters, Professor of Animal Science, UC
Davis, (DePeters et al., 2020; DePeters et al., 2021) showed no change in milk production with almond
hull inclusion up to 5.5 kg./head/day with fat tests slightly increased and protein decreased. In this case,
almond hulls were being substituted into the ration as a concentrate in place of corn and soy hulls,
replacing starch with sugar and fermentable fiber. Rations were kept isonitrogenous with additional
soybean meal in the almond hull ration. Hypothesis for milk fat increase was increased rumination and
bicarbonate recycling. With additional reformulation, milk protein may be maintained as well.

Potential Applications & Markets
Across Asia we have three types of current feeding practices. There are large scale dairies, 5,000 plus
adult animals on farm, using imported forages in combination with locally grown silages and
commodities made into Total Mixed Rations (TMR) on farm and provided to the herd. The medium and
small dairies, 500 or less head, may be obtaining forages from traders/importers, compound feeds from
millers or complete TMRs. Many Japanese and Korean dairies are feeding fermented TMRs. Finally,
there are the very small or ‘primitive’ dairies of 1 – 10 head that are subsistence producers, harvesting
local forage or grazing road sides and perhaps purchasing some feeds.
Chinese dairy customers can be split into 2 distinct operating types; the large herd/multi-farm company
with its own nutritional advisory staff, and the medium/small which would be typically serviced by feed
millers. The ‘back yard’ dairy with 1 – 10 cows is rapidly disappearing or consolidating to the
medium/small size as a co-op where all owners are pooling animals under a single management team.
The Chinese government is encouraging this consolidation. The largest dairy companies are now
purchasing or merging with smaller large farm operations and also planning for herd expansion.
Japanese and Korean markets are typically smaller dairies. 500 milking animals would be considered a
large dairy. Many are using nutritional services provided by feed manufacturers or ‘TMR centers’ that
are delivering TMR directly to the dairies. TMR centers may be part of a Co-Op system or independent.
By-product utilization in fermented TMR is commonly seen.
The Indonesian dairy producer is either 4,000 – 6,000 head multiple farm operation or the ‘back yard’
farmer with 1 – 10 animals. The large farms are direct importers and typically employ nutrition advisors.
The two major dairy companies are PT Ultra Jaya and PT Greenfields Indonesia.
Thai dairies are predominantly smaller farms being serviced by feed manufacturers with the exception of
a couple of 1,000 – 1,500 head dairies (one owned by CP and used as a research farm).
Vietnam has two large dairy companies, Vina Milk and TH, each with their own nutrition advisors and
numerous small holders.

Preliminary Field Results and Performance Analysis

A commercial feeding trial was conducted with a large, multi-herd dairy farming company in China in late
2017. The selected dairy was milking approximately 4,000 head. Two pens of approximately 200 head
each, with similar production, lactation number, and days in milk were selected. Rations were
formulated to incorporate 2 kg almond hulls in place of 1 kg each corn silage and sugar beet pulp with
the intention of keeping similar milk potential as determined using the Cornell Penn Miner (CPM) Dairy
ration evaluation system, as derived from the Cornell Net Protein and Carbohydrate System (CNCPS)
Model. CPM was being used at the time for ration formulation and evaluation. Almond hulls brought
additional sugar in place of corn silage starch and better-quality fermentable fiber to replace that in corn
silage and sugar beet pulp.
The ‘No Hulls’ control ration was currently in use on-farm. Almond hulls were then incorporated in the
model in the ration as an alternative ‘forage’ source in place of a portion of corn silage and sugar beet
pulp. Energy and protein remained constant. The ‘Hulls Ration’ had increased sugar and decreased
starch as expected due to the higher proportion of sugar in the almond hulls versus the higher starch in
corn silage. Possible production due to Metabolizable Energy and Metabolizable Protein were similar
between rations.
The two rations showed similar calculated compositions with the exception of increased sugar from the
almond hulls and reduced starch level due to reduced corn silage. At then current pricing, the ration
containing almond hulls was 1.48 RMB less expensive per head per day for the same calculated
production. Assuming 1,000 head and 30 days would result in feed savings of 44,400 RMB. Over 1 year
this could potentially result in a savings of 540,200 RMB in feed costs. At exchange rate of 6.8 RMB/USD,
this would be approximately $76,500 per year for 1,000 lactating animals.
Over a 2-month feeding period, however, almond hull inclusion in the ration actually resulted in 1.5 to 2
kg additional production per head per day. With a 3.5 RMB/kg milk price this could result in substantial
increased income. This additional production was predicted by in vitro fermentation analysis of the
control and almond hull rations. Samples of the rations taken during the trial were sent to Fermentrics
for fermentation using a novel gas system to characterize what the rumen bacteria ‘think’ about the
rations, that is, microbial production and end products of fermentation. Fermentrics predicted up to 4 kg
additional milk potential. While this prediction can be influenced by management and environmental
conditions, it is quite accurate in predicting trends and as a ration diagnostic tool. In the end, however,
assuming 1 kg/head/day additional milk production over one-year results in an extrapolated increased
annual revenue of $185,000/year + feed cost savings of $76,500/year = net positive impact of
$263,500/year for 1,000 lactating animals.
Rations can be formulated on the ‘lab bench’ and fermented, demonstrating the benefits of adding hulls
(either cost savings, production, or both). Technology is coming on to the market to allow production of
NIR spectra of the TMR using a hand-held device, transmitting to the cloud and receiving Fermentrics
results in real time rather than shipping the rations to a laboratory for fermentation with its weeks long
lag time.
This tool can be used on farm, or by the feed manufacturer, particularly the TMR producer, to predict
and demonstrate the value of additional almond hulls in the rations prior to initiating a full-scale feeding
trial as it has been validated compared to in vivo conditions. This technology is currently being used by
nutrition professionals and feed manufacturers for greater than 500,000 head in herds ranging from 50
to 20,000 head in 20 countries.

China Almond Hull Dairy Production Trial
The following four pages are rations used in the 2017 Chinese Almond Hull Production trial. Rations
were formulated using CPM v. 3.8.0.1 based on CNCPS. Tables 3 and 4 are Control ration while Tables 4
and 5 are ration incorporating Almond Hulls. Feedstuff analyses used were a combination of locally
performed analyses and ‘book values’. Rations were intended to be isonitrogenous, isocaloric and
iso-NDF with equal in milk potential.

Table 3. Control Ration – No Almond Hulls.

Table 4. Control Ration – No Almond Hulls.

Table 5. Treatment Ration – With Almond Hulls.

Table 6. Treatment Ration – With Almond Hulls.

Fermentrics in vitro Analysis
The following are Fermentrics analyses of the two rations used for the trial; Figures 2 and 3. The rations
were sampled and analyzed using wet chemistry for protein, fiber, fat and macro minerals. Differences
between these analyses and those presented in the CPM evaluations (above) are the result of ‘book’
versus ‘actual’ analyses. They confirmed lower starch and higher sugars in the almond hull rations.
Crude protein was analyzed to be lower in the almond hulls rations probably due to lower protein in the
hulls versus corn silage and sugarbeet pulp, not evident in the CPM Feed Library values. There was still
adequate protein in the almond hulls rations. Fermentation analysis resulted in an increase in potential
milk production (not shown by the CPM model) as indicated by increased Microbial Biomass Production
(MBP) for the almond hull ration, confirming the feeding trial results. MBP can be used as a proxy for
milk production potential from the rumen from a protein perspective assuming adequate energy. With a
known Dry Matter Intake (DMI) it is possible to convert MBP to estimated grams of rumen microbial
protein using the formula MBP * 0.41 * 1.3 * Kg DMI where 0.41 is the assumed amount of microbial
protein in the biomass being measured, 1.3 is an adjustment factor accounting for about 30% of the
microbial protein residing in the liquid phase and not measured in the biomass value. Total grams of
dietary microbial protein divided by 70 equals liters of milk potential from a protein perspective. The
contribution of microbial protein plus any additional dietary Rumen Upgraded Protein (RUP) contributes
to the total protein supply utilized for milk production. We would trypiclly expect 2 – 4 kg of additional
milk production in high producing herds from provided RUP. Fermentrics provides predictive results that
can be impacted by environmental or management factors.
Note that the rates of fermentation and the relative times to maximum rate for the fast and slow pools
were changed with the addition of almond hulls. The fast pool consists of silage acids, sugar, rapidly
degradable starch and soluble fiber. The slow pool consists of the more slowly degraded (NDF) fiber
pool; cellulose, hemicellulose and due to its heterogenous nature, slowly fermentable starch. With the
substitution of almond hulls for corn silage and sugarbeet pulp we shifted the fermentation to faster ‘fast
pool’ and ‘slow pool’ with a faster time to maximum rate for both. In doing so, the fermentation profile
was shifted to production of more acetate plus butyrate and lower propionate resulting in greater ATP
production. The entire fermentation shifted ‘left’ (on the graphs) indicating a faster fermentation being
more complete by 20 hrs. If we see a slow increase beyond 20 hrs for the slow pool as in the ‘no hulls’
TMR, there is not a lot of benefit to the animal. (Remember that this is an in vitro system operating to
48 hours while in vivo we expect the bulk of fermentation and turnover in a high producing dairy cow
will be in the period 0 – 20 hours).
Apparent organic matter digestability for both rations was good for both rations. We would want to see
this range from 60 - 65% for ease of formulation. Aparrent partitioning factors moving from 5.2 to 3.8
suggests a fermentation tending more toward acetate and butyrate (the bugs were utilizing more of the
fiber fraction) also suggesting increased fat test.
As a side note, both rations could have been improved with additionl soluble protein. We target 35 –
38% soluble protein in order to give the rumen bacteria adequate soluble protein to utilize the available
energy and prevent excessive ‘energy spilling’. Correct soluble protein would result in additional
microbial biomass production and improved organic matter disappearance. For additional information
and a more in depth interpretive discussion, see Fermentrics Interpretation Guidelines in the attached
references.

Figure 2. Modern Dairy. No Almond Hulls.

Figure 3. Modern Dairy. Almond Hulls TMR.

Almond Hulls as Concentrate: U. C. Davis Almond Hull Study - 2020
More recently, almond hulls have been substituted for concentrates in dairy cow rations with promising
results. The following are results from the UC Davis Almond Hull as Concentrate Substitute Trial;
(Swanson et al., 2021) . Although only 3 animals per treatment were used, hulls appear to have
potential as a concentrate substitute as well. With limited numbers of animals, even numerically large
differences are not statistically different. Almond hull inclusion resulted in a cubic effect on production.
Actual milk yield and Energy Corrected milk had a cubic effect for diet with the 1.8 kg inclusion rate
resulting in highest yield. Milk fat % increased linearly with increasing almond hulls while milk protein %
decreased. This study demonstrates that a higher level of almond hulls may be fed replacing a measure
of concentrates, even with inclusion of up to 5.5kg/hd/da without negatively impacting milk production.
CONTROL
3
96

1.8 kg
3
96

3.6 kg
3
96

5.45 kg
3
96

Almond Hulls
Alfalfa Hay
Flaked Corn
Soy Hulls

0
10.6
10.2
3.1

1.8
10.6
8.8
2.1

3.6
10.6
8.2
0.6

5.5
10.6
6.8
0

Wheat Hay
Soybean Meal
DDGS
Whole Cottonseed
Minerals

0.9
0.4
1.7
1
0.64

0.7
0.5
1.7
1
0.64

0.7
0.8
1.7
1
0.64

0.7
1.1
1.7
1
0.64

26.6
38.7

29.5
39.2

26.4
36.8

26.6
37.6

41.7

42.1

40

41

3.78a
3.43a
12.58

3.95b
3.35b
12.65

3.97b
3.33b
12.64

# Cows
DIM (avg)

(1 each lact 1, 2, 3)

RATIONS (kg/day as fed)

PRODUCTION SUMMARY
Dry Matter Intake, kg/d
Milk, kg/d
Energy Corrected Milk,
kg/d

Fat, %
3.81a
Protein, %
3.46a
Total Solids, %
12.58
Table 7. Concentrate Substitute Trial.

Almond hulls as a pelleted product may be suitable when substituting as a concentrate, but one must
consider cost vs benefit. When substituting for forages, pelleting likely will not be cost effective nor will
it provide the effective fiber fraction replacement desired. From this study and the anecdotal record of
dairy practice in California, it appears that the ‘sweet spot’ for almond hull inclusion is somewhere in the

range of 2 kg/head/day for dairy cattle. Prior to going into a large scale feeding trial, one could validate
hull inclusion rates and ‘fine tune’ proposed rations using Fermentrics.
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