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ABSTRACT

This review presents recent knowledge of the inclusion of pistachio by-products in diets of ruminants.
Pistachio harvesting and processing result in considerable amounts of by-products which include hulls
(the outer cover of fruit), woody shells (mesocarp), blank fruits, clusters (sometimes referred as twigs)
and leaves. The by-products can be preserved by natural drying or ensilaging. This review evaluates
pistachio by-products in terms of chemical composition, nutritive value and their effects on ruminant
performance and product quality. Their nutritive value is affected by factors which include type of by-
product, pistachio variety, harvesting time and preservation method. Pistachio by-products can use as a
source of protein and energy in ruminant feeding to support maintenance and production of meat, milk,
wood and hair. Their replacement value in diets of growing, fattening and lactating ruminants ranges
between 21-35%.The replacement values of silage from pistachio by-products ranges between 15-24%.
However, the presence of high levels of copper and phenolic compounds in pistachio by-products may
restrict their inclusion in high proportions into ruminant diets. There is need for more research on the
inactivation of phenolic compounds in pistachio by-products so that they can be fed to ruminants in
larger proportions. Further studies are needed to evaluate the effects of pistachio by-products on
production and reproduction performance of ruminants as well as product quality. The presence of
pesticides, fungicides and phenolic compounds in pistachio by-products necessitate identifying the
effect of long term feeding on livestock health.
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Pistachio by-products as Ruminant Feed: A Review

1 Introduction

Pistachio (Pistacia vera) kernels have been consumed by human
civilizations since prehistoric times (Dreher, 2012). Pistachio
kernels contain high concentrations of proteins, unsaturated fatty
acids, dietary fibers, potassium, magnesium, vitamin K, y-
tocopherol, antioxidants, anti-inflammatories and phytochemicals
(Dreher, 2012). Total production of pistachio kernels in the world
increased from 397000 tons in 1993 to 1000000 tons in 2012
(FAO, 2014). The major producing countries are Iran (52%), USA
(21%), Turkey (13%) and Syria (8%), (FAO, 2014). Pistachios are
well known for drought tolerance. They can survive in arid and
semi-arid areas with an annual rainfall of less than 250 mm
(Khabaz & Meristani, 2013). Middle East is predominantly arid
and semi-arid, and growing of pistachio is increasingly being
considered as a sustainable solution to desertification (Khabaz &
Meristani, 2013). Pistachio harvesting and processing generates
considerable amounts of by-products that include hulls (the outer
over of fruit), woody shells (mesocarp), blank fruits, clusters
(sometimes referred as twigs) and leaves. In this review, the term
“pistachio by-product mixture (PBM)” will refer to a mixture of
leaves, clusters and hulls which result from the dehulling process.
These by-products are predominantly used as energy sources.
While pistachio leaves, twigs and woody shells are predominantly
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used as domestic energy sources, pistachio hulls (PH) are
disposed, thereby decomposing naturally in farmlands. Pistachio
harvesting and peeling takes place during summer, between
August and October, leading to rapid spoilage of the by-products.
This generates unpleasant stench, thus, providing an environment
for pathogens and insects which could be harmful to humans,
livestock and crops. Pistachio hulls have approximately 60% of
the metabolizable energy of barley grains (Kearl, 1982; Bohluli et
al., 2010). Accordingly, worldwide pistachio by-products can be
paralleled to about approximately 900000 tons of barley grains, if
extensively utilized. Therefore, the use of pistachio by-products
for livestock feeding has potential to, not only contribute
effectively to solving hygiene problems resulting from spoilage of
hulls but also to provide an alternative feed resource of good
nutritive value. A review on the utilization of pistachio by-
products as livestock feed would provide guidelines to policy
makers, agricultural extension and farmers for better utilization.

2 Pistachio production and management

Harvesting and processing pistachio goes through several stages
as shown in Figure 1. The biomass from pistachio harvest consists
of fruits, twigs and leaves. At harvest, full-ripened fruits are
separated from the biomass and peeled. A pistachio fruit consists
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Figure 1 Production of pistachio by-products
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of a nut, endocarp, mesocarp (woody shell) and epicarp (hull)
(Figure 2) (Dreher, 2012). Hulled fruits are dried and the kernels
excluded by shelling the woody shells. Kernels are then packed
and marketed. Accordingly, producing one kg of pistachio kernels
is accompanied by production of 1.5 kg of by-products
proportioned as 64.5% hulls (PH), 25% clusters, 10% leaves and
0.5% woody shells (Vahmani et al., 2006; Bagheripour et al.,
2008). Other resulting by-products of smaller quantities from the
harvest include culled fruits (blank fruits) and unripened fruits.
Pistachio dressing (% of nut to total fruit weight), % of blank
fruits and % of leaves are affected by the variety (Table 1),
climatic and crop management factors (Assimakopoulou et al.,
2013; Roosta & Mohammadi, 2013). Pistachio by-products result
in significant waste management problems due to high organic
and phenolic content (Acton, 2012). However, there are no
effective waste management approaches of pistachio by-products
in Middle East countries (Acton, 2012). A simple management
strategy is applied by rural farmers in Syria. They use twigs, blank
fruits, stick tight fruits, leaves and woody shells as an energy
source for domestic use while they dispose hulls to farmlands to
naturally decompose. In Iran, PH are marginally utilized as
livestock feed, however, other uses of pistachio by-products
include cleaning of waste water and wool dyeing (Acton, 2012)
and biogas production(Celik & Demirer, 2015). Extensive
research has been conducted on the potential of pistachio by-
products as livestock feed. However, the use of pistachio by-
products by farmers for livestock feeding is limited (Acton, 2012).

Alkhtib et al.
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Figure 2 Physical structure of the pistachio fruit

3 Preservation methods

After pistachio harvest, green fruits are peeled by small machines
which mix fruits with water and remove the hulls (Khabaz &
Meristani, 2013). Wet hulls decay rapidly because of their high
content of protein and carbohydrates and hot weather (Khabaz &
Meristani, 2013). As the production of pistachio by-products is
seasonal, their use in livestock feeding over the whole year
necessitates suitable preservation and storage. It has been reported
that sun-drying and ensiling are potential methods to preserve

Table 1 Structure of fruits of different Syrian varieties of pistachio

‘ Variety Origin Kernel Free-kernel fruits%* Woody shell Hulls
Ashori* Syria 32 68 — —
Ashorit Syria 338 66.2 28.1 38.1
Abo-Rihah* Syria 32 68 — —
Batori* Syria 36 64 — —
Batori Syria 35.9 64.1 25.8 383
Alemi-Red* Syria 40 60 — —
Alemi-Redf Syria 39.7 60.3 21.6 38.7
Nab Aljamal* Syria 31.2 68.8 — —
Bondogi* Syria 30 70 — —
Jalab-Red* Syria 333 66.7 — —
Ajami* Syria 40 60 — —
Lazawardi* Syria 30.7 69.3 — —
Alemi-White* Syria 38 62 — —

*:Source:Khabaz &Meristani, 2013, :(ACSAD, 1988)
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pistachio by-products. Pistachio by-products are produced during
summer which facilitates sun drying. Satisfactory silage prepared
from PBM with a pH of 4 has been reported (Bagheripour et al.,
2012; Elahi et al.,2012). Decreasing total phenols and increasing
digestibility of pistachio was achieved by increasing ensiling time
and adding polyethylene glycol (Bagheripour et al., 2012; Elahi et
al., 2012). Polyethylene glycol binds to tannins and decreases its
negative impact on rumen microbial activity. Adding culled date
fruits to fresh PH during ensiling at a ratio of 1 to 5 decreased
total tannins and phenolic compounds (Soltaninezhad et al.,
2016). Some anaerobic genera of bacteria such as Bacillus,
Lactobacillus, Streptococcus have been reported to have the
potential of degrading phenolic compounds (Tahmourespour et
al., 2016). Culled date fruits are rich in sugars. They might
enhance the activities of anaerobic bacteria which have the ability
to degrade phenolic compounds. Ensiling pistachio by-products
could be a practical method of preservation on small farms. Dry
pistachio by-products have high bulk density (Behgar et al.,
2008), therefore, drying is appropriate for longtime storage and
wide transportation. Preservation method could affect the nutritive
value and palatability of by-products, therefore, there is need for
further studies on the effects of storage method and duration on
dry matter intake and performance of ruminants.

4 Physical characteristics

Pistachio hulls have a bulk density of 0.56, water holding capacity
of 4.53 kg/DM, soluble ash of 88% of ash, soluble dry matter of
52.5% of dry matter, 4.9 pH and buffering capacity of 7.07 meq/I
as reported by Behgar et al. (2008). The high buffering capacity
may exacerbate ensiling (Fuller, 2004). The water holding
capacity of PH is approximately the same as beet pulp but more
than that of alfalfa hay (Behgar et al., 2008). This may allow PH
to decrease the occurrence of acidosis, decrease nutrient
digestibility and dry matter intake in ruminants but at the same
time increase water intake (Fuller, 2004). The bulk density of PH
is similar to that of sugar beet pulp (Behgar et al., 2008) but it is
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higher than alfalfa hay, sunflower hulls and cottonseed hulls. This
facilitates PH storage and transportation (Behgar et al., 2008).

5 Nutritive Value

5.1. Chemical composition and digestibility

The chemical composition and in vitro dry matter digestibility
(IVDMD) of pistachio by-products vary according to the type of
by-product (Bohluli et al., 2010) (Table 2), variety of tree (Boga
et al., 2013) (Table 3 and 4), treatment and the method of storage
(Bagheripour et al., 2012; Shakeri et al. 2013) (Table 5). Twigs
have the highest fat content (71 g/kg) followed by hulls (57g/kg),
leaves (38) and woody shells (Bohluli et al., 2010). Hulls have the
highest content of CP (166 g/kg) followed by PBM (135g/kg),
leaves (124 g/kg), twigs (121 g/kg) then woody shells (16 g/kg)
(Bohluli et al., 2010). Hulls have the lowest neutral detergent fiber
(NDF) content (250 g/kg) followed by leaves (310 g/kg), PBM
(318 g/kg) twigs (390 g/kg) and woody shells (910 g/kg) (Bohluli
et al., 2010). Leaves have the highest content of total phenols and
total tannins (139 g/kg and 69 g/kg respectively) followed by
twigs (100 g/kg and 48 g/kg respectively), hulls (96 g/kg and 45
g/kg respectively) and woody shells (15 g/kg and 5 g/kg
respectively) (Bohluli et al., 2010). The most digestible by-
product is hulls (770 g/kg) followed by PBM (700 g/kg), leaves
(990 g/kg), twigs (600 g/kg) and woody shells (220 g/kg). Hulls
have the highest IVDMD (%) then leaves, twigs and woody shells
(Bohluli et al., 2010). In Turkish varieties, the varietal range in
PH was reported as 114 g/kg for ash, 77.3 g/kg for crude protein
(CP), 42 g/kg for NDF, 40 g/kg for acid detergent fiber (ADF), 6
g/kg for condensed tannins, 55 g/kg forin vitro organic matter
digestibility (IVOMD) and 1.34 MJ/kg for metabolizable energy
(ME) (Boga et al., 2013). The varietal variation in chemical
composition of PH and PBM was found among Iranian varieties
(Bohluli et al., 2010). It was 30g/kg for ash, 21 g/kg for ether
extract (EE), 85 g/kg for CP, 30g/kg for NDF, 21 g/kg for TP and
15g/kg for TT. The range among varieties for PBM was 39 g/kg

Table 2 Chemical composition of pistachio by-products (g/kg)

% of total by-

By-product products

Hulls 533 127 57 166 250 200 400 96 45
Twigs 277 56 71 121 30 @ — 362 100 48
Leaves 9.5 92 38 124 310 — 432 139 69
Woody shell 5.3 9 3 16 90  — 62 15 5
;I.SESP;O by-products 92.4 53.8 135 318 — 358 929 441

*: of the total by-products, EE: ether extract (g/kg), CP: crude protein (g/kg), NDF: neutral detergent fiber (g/kg), ADF: acid detergent fiber
(9/kg), NFC: non-fiber carbohydrates (g/kg), TP: total phenolic compounds (g/kg), TT: total tannins (g/kg), Source: Bohluliet al., 2010.
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Table 3 Chemical composition of pistachio by-products according to the variety
Pistachio A P D AD P ota
Pistachio by-products mixture
Ohadi 91 87 142 250 205 86 41
Kaleghuchi 130 78 94 240 - 95 46
White 120 70 166 270 - 76 34
Hulls

Ohadi 120 57 166 250 200 96 45
Kaleghuchi 150 78 92 220 - 91 44
White 140 57 177 240 - 75 32

EE: ether extract (g/kg), CP: crude protein (g/kg), NDF: neutral detergent fiber (g/kg), ADF: acid detergent fiber (g/kg), TP: total phenolic

compounds (g/kg), source: Bohluli et al., 2010

Table 4 Nutritive value of pistachio hulls of different varieties

‘ Pistachio variety DM Ash CP NDF ADF CT IVOMD ME
Beyaz Ben 265 167 111 183 155 26.3 727 10.7
Kirmizi 267 186 150 190 143 234 690 10.1
Ohadi 293 114 133 221 183 23.7 745 111
Sultani 285 85 72.7 185 154 21 716 10.7
Uzun 290 199 108 225 180 255 716 9.76
Keten Gomlegi 269 154 145 188 145 20.3 702 10.3

DM: dry matter (g/kg), CP: crude protein (g/kg), NDF: neutral detergent fiber (g/kg), ADF: acid detergent fiber (g/kg), CT: condensed tannins
(9/kg), IVOMD: in vitro organic matter digestibility (g/kg), ME: metabolizable energy (MJ/kg), source: Boga et al., 2013.

for ash, 17 g/kg for EE, 72 g/kg for CP, 30 g/kg for NDF, 16 g/kg
for TP and 12 g/kg for TT (Bohluli et al., 2010). Varietal variation
in IVOMD of PH among Turkish varieties was 55 g/kg (Table 4).
Therefore, inclusion of pistachio PBM in the formulation of
rations of livestock should consider the variety. Generally, PH,
pistachio leaves and PBM have satisfactory chemical composition
and digestibility thus they could be used as ruminant feed.
Nevertheless, the low protein, low digestibility and high phenolic
compounds could limit the use of pistachio twigs and woody
shells as feed for livestock. Therefore, it can be suggested that
woody shells and twigs be directed for use as energy source or for
biogas production. Ruminants are sensitive to intake of fat above
5% of dry matter in rations (Fuller, 2004). Ether extract content
across by-products of various varieties exceeds 50g/kg. That
would tend to limit the level of inclusion of pistachio by-products
into ruminant diets. Therefore, varieties of pistachio which have
high content of EE in by-products have high potential to improve

unsaturated fatty acids in milk and meat of ruminants. Valizadeh
et al. (2009) reported that dry PH has better degradability and
digestibility compared to ensiled PH. Shakeri et al. (2013)
reported insignificant differences in the nutritive value between
dry and ensiled PH. The contradictory results could be due to
differences in the source of PH, procedures of drying and ensiling
between the studies. The IVOMD of silage from PH was
improved by adding urea and molasses (Valizadeh et al., 2009)
and by increasing incubation time (Bagheripour et al., 2008). Urea
added to PH during silage preparation might bind to tannins and
decrease negative effects on rumen microbes. It has been reported
that the activity of tannins is positively associated with the degree
of polymerization (Makkar, 2003b). It seems that increasing
ensiling time leads to a decrease in the level of polymerization of
polyphenolic compounds which leaded to an increase in
digestibility. Delgado-Pertinez et al. (1998) reported a reduction
in digestibility of dry olive leaves when are stored for longer than
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Table 5 Chemical composition and nutritive value of pistachio hulls

‘ DM CP EE NDF ADF ADL Ash TP TT CT HT ME Pres;:"aﬁ Type  References
950 125 97 340 246 77 115 140 8 8 40 — Sundried PBM  (Babaeietal, 2015)
338 916 — 321 210 304 142 971 914 834 715 — F&fle;; PBM  (Bagheripouretal., 2012)
323 921 — 311 207 283 141 941 891 561 691 — Silage PBM  (Bagheripour etal., 2008)
223 113 78 262 187 — 151 829 448 49 379 586 Fresh Hulls  (Bakhshizadeh etal., 2014)
945 158 695 250 207 85 120 — — — —  — Sundred Hulls (Behgaretal,2008)
261 113 110 328 214 — — 43 39 43 — —  Silage PBM (Elahietal,2012)
910 114 645 333 206 — 127 995 668 —  —  Sundried PBM (Ghaffarietal., 2014a)
900 153 58 259 — — 245 785 316 8 — — Sundied PBM (Ghasemietal., 2012a)
— 166 57 250 200 — 127 — —  — — — Fresh(h)  Hulls  (Gholiezade et al.,2009)
850 153 — — — — 223 112 713 — — —  Sundried PBM  (Jolazadeh &Dehghan-Banadaky, 2015)
— 123 681 259 220 856 119 109 732 436 — — Fresh PBM  (Moradietal.,2015a)
952 218 196 376 — 261 91 41 — — — —  Sundried Hulls (Naserianetal.,2015)
928 115 64 332 206 — 121 103 639 12 — 125 Sundried Hulls (Razzaghi etal., 2015)
940 113 65 224 302 — 92 668 — — — 836 Sundried Hulls (Sedighi-Vesagh etal., 2015)
966 129 57 327 239 — — 137 999 111 888 836 Sundied PBM (Shakerietal.,2013)
311 130 62 309 226 — — 145 101 114 894 836 Silage PBM  (Shakerietal., 2013)
400 83 457 3B 227 — 73 9%5 482 — — 106 Silage PBM  (Soltaninezhad etal., 2016)
— 120 50 450 340 — 52 — 80 — — — Fresh Hulls  (Vahmani etal., 2005)
260 120 — 210 — — 90 — — — — — Fresh Hulls  (Valizadeh &Sobhanirad, 2009)

DM: dry matter (g/kg), CP: crude protein (g/kg), EE: ether extract (g/kg), NDF: neutral detergent fiber (g/kg), ADF: acid detergent fiber (g/kg),
ADL.: acid detergent lignin (g/kg), TP: total phenols (g/kg), TT: total tannins (g/kg), CT: condensed tannins (g/kg), HT: hydrolazable tannins
(9/kg). ME: metabolizable energy (MJ/kg); PBM: Pistachio by-products mixture

4-5 months. Thus, storing dry pistachio by-products is expected to
increase degree of polymerization of tannins which might
decrease digestibility. Accordingly, increasing storage time of
dried pistachio by-products has to be studied as a method of
increasing their digestibility. The date of harvest affects chemical
composition and digestibility of PH. Labavitch et al. (1982)
analyzed PH sampled weekly during harvest time (from the 4"
week of August to the first week of October). Hulls produced
during the second week of September had comparatively higher
CP, fat, soluble sugars and lower total phenols (Labavitch et al.,
1982) (Table 6 and 7). That means early and late harvest of
pistachio may result in a decrease in nutritive value of PH. A
reduction in IVDMD with later harvest dates has been reported
and attributed to the increase of NDF and tannins (Labavitch et
al., 1982).Use of dry PH in goat rations up to 32% did not affect
dry matter intake, digestibility of dry matter (DM), NDF and ADF

Table 6 In vitro dry matter digestibility of pistachio by-products

Incubation period/h

By-product

12 24
Hulls 520 700 770
Twinges 370 530 600
Leaves 360 620 660
Woody shell 50 100 220
Pistachio by-products mixture 510 650 700

N=3; Source: Bohluli et al., 2010.

but decreased the crude digestibility protein (Sedighi-Vesagh et
al., 2015). Dry PH can successfully replace wheat bran in rations
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Table 7 In vitro digestibility of various species of pistachio
by-products

‘ By-product Pistachio varieties
Pistachio by-products . . .
mixture Ohadi  Kaleghuchi ~ White
DM 560°  637° 610°
oM 580°  684° 641°
Hulls
DM 635° 670* 660*
oM 670° 719° 709°

a,b,c=means with the same manuscripts in the same line do not
defer significantly (P>0.05); Source: Bohluli et al., 2010.

of dairy goats without negative effects on digestibility of nutrients
(Naserian et al., 2015). Shakeri et al. (2014) substituted corn
silage by PBM silage (6% or 12% on DM basis) in diets of calves
with no adverse consequences on digestibilities and ruminal
fermentation parameters. Treating dry PBM by polyethylene
glycol improved DM and CP digestibility (Moradi et al., 2015b).

5.2. Ruminal Fermentation

5.2.1. Rumen pH

Gholiezade et al. (2009) reported that incorporation of up to 6% of
dry PH in dairy cattle ration had no significant effect on ruminal
pH, however, Gholizadeh et al. (2010) reported higher level of
inclusion of dry PH up to 10% without any effect on rumen pH. It
has been reported that consumption of 50% of PH in diets of
sheep increased rumen fluid pH (Ghasemi et al., 2012a).Dry PBM
may replace alfalfa hay (30% of the dietary DM) in diets of dairy
goats without significant effect on ruminal pH (Gaffari et al.,
2014b).Since inclusion of pistachio by-products in diets of sheep
increases pH of rumen fluid, pistachio by-products could be used
to reduce acidosis incidence in sheep fed on high levels of
concentrates. However, that cannot be applied in cattle as
inclusion of pistachio by-products does not increase rumen fluid
pH (Gholiezade et al., 2009; Gholiezade et al., 2010).

5.2.2. Protein metabolism

Inclusion of up to 6% and 10% of dry PH in dairy cattle ration had
no significant effect on blood urea nitrogen and rumen
concentration of ammonia-N (Gholiezade et al., 2009; Gholiezade
et al., 2010). Ghaffari et al., (2014) are ported a reduction in the
concentration of ammonia-N in rumen fluid as a result of
incorporating dry PH in sheep rations at a level of 36%. Dry PBM

Alkhtib et al.

replaced alfalfa hay (30% of the dietary DM) in the diet of dairy
goats without negative effects on ammonia-N in rumen fluid
(Ghaffari et al., 2014b).

An increase in nitrogen digestibility and nitrogen retention and a
decrease in microbial ammonia-nitrogen was reported as a result
of dry PBM replacement for lucerne hay (50% of total dietary
DM) (Ghasemi et al., 2012c).Thus, there is a high possibility to
use pistachio by-products to decrease ammonia emission from
ruminants without negatively affecting protein digestibility. That
would decrease ammonia emission to the atmosphere.

5.2.3. Carbohydrate metabolism

It has been reported that the use of dry PH 36% - 50% (Ghasemi
et al., 2012b; Ghaffari et al., 2014a) in sheep rations decreased the
concentration of volatile fatty acids in the rumen. Dry PBM
replaced alfalfa hay (30% of the dietary DM) in the diet of dairy
goats without any effects on the profile of volatile fatty acids
(Ghaffari et al., 2014b). Microbes in the rumen of goats have been
reported to have high adaptability to phenolic compounds. That
might explain the difference in response of sheep and goats to
inclusion of pistachio by-products in terms of carbohydrate
fermentation. Total replacement of alfalfa hay (50% of dietary
DM) by dry PH in the diet of sheep reduced the number and
attachment of cellulolytic bacteria to feed particles (Ghasemi et
al., 2012a,b).It may be that phenolic compounds of pistachio by-
products bind to proteins of membranes of cellulolytic bacteria in
sheep rumen microbe which might result in the decrease in
attachment. Bagheripour et al. (2008) reported that in vitro gas
production increased as a result of the addition of polyethylene
glycol to pistachio by-products which means that tannins in
pistachio by-products have potential to inhibit methane
production. Adding PBM to corn silage before preparation can
decrease in vitro methane production (Denek et. al, 2017).
Therefore, optimizing inclusion of pistachio by-product has
potential to decrease methane production without compromising
digestibility of diets and ruminant productivity.

5.2.4. Lipids metabolism

Use of dry PH up to 36% in sheep ration did not affect the relative
abundance of rumen bacteria involved in biohydrogenation
(Ghaffari et al., 2014a). Further, Sedighi-Vesagh et al., (2015)
indicated that to an increase in polyunsaturated fatty acids content
in milk fat of goats as a result of inclusion of dry PBM at level of
32% of total dietary DM and he related that to a modifications in
biohydrogenation of fatty acids in the rumen. However, deeper
studies on modifying fatty acid biohydrogenation in the rumen by
including pistachio byproducts have to be carried out.
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6 Effect of feeding pistachio by-products on animal
performance and quality of products

6.1. Effects of pistachio by-products on growing ruminants

Silage prepared from 95% fresh PBM and 5% beet pulp can
replace 66% of corn silage corn silage which constitutes 40% of
the diet DM without adverse effect on fattening performance of
calves (Frough-Ameri, 2008). Pistachio hulls silage can be
included up to 18% in the ration of growing calves without
adverse effect on fattening performance (Shakeri et al., 2013).
Feeding growing lambs on silage prepared from a mixture of
pistachio hulls and waste dates (in a ratio of 5:1) up to 21% of the
total diet can increase final body weight, weight gain, weights of
warm and cold carcass, liver, loin, lean meat, reproductive system,
small intestine, and the eye muscle area (Soltaninezhad et al.,
2016). Valizadeh et al. (2010) and Norouzian & Ghiasi (2012)
reported that including dry PH up to 30% of the ration of growing
lambs did not negatively affect fattening performance, carcass
characters and mineral content. Supplementation of diets of
growing lambs by 500 ml of PH aqua extract increased nitrogen
retention, daily weight gain and decreased feed conversion ratio
(Sharifabadi & Naserian, 2014). Pistachio byproducts mixture
replaced alfalfa hay and wheat straw up to 20% of the total dietary
DM with no adverse impacts on feed intake, growth and health of
Lambs (Shakeri, 2016). Using soybean meal, treated by 15% PH
extract, at a rate of 10.5% of diet DM of growing Holstein bulls
improves fattening performance (Jolazadeh & Dehghan-
Banadaky, 2015).The optimum level of PH inclusion in rations
depends on the basal diet, storage method and chemical
composition of PH and animal type. Generally, inclusion of PH
does not have a positive effect on fattening performance or
carcass characters. Tannins decrease ruminal degradation of
proteins in the rumen leading to increase in the passerby proteins
(Makkar, 2003a). That might increase the influx of essential
amino acids to the small intestine which may lead to the
improvement in fattening. Tannins might have potential of
altering microbial metabolism of proteins and fatty acids which
are expected to improve meat content of conjugated fatty acids
(Morales & Ungerfeld, 2015). Thus, further studies need to
identify the use of pistachio by-products to improve meat quality
of ruminants.

6.2. Effects of pistachio by-products on milk yield and quality

The effect of PH on milk production and composition varies with
ruminant species, preservation method and inclusion rate. There is
no consensus on the optimum incorporation level of PH in the
ration of lactating ruminants. Several studies have aimed to
determine the optimum level of PH in the ration of lactating cattle.
The suggested levels as percentage of dry PH in the total ration
DM are 6% (Vahmani et al., 2005), 10 % (Gholizadeh et al.,
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2010), 15% (Rezaeenia et al., 2012) and 18% for PH silage
(Shakeri et al., 2013). Silage prepared from PBM replaced corn
silage up to 15% of diet DM in dairy cows ration without negative
effects on milk yield and chemical composition (Mokhtarpour et
al., 2012). Introducing PH to the diet of lactating cows up to 24%
of the total DM did not affect milk yield but increased fat content
(Razzaghi et al., 2015). Adding PBM extract to alfalfa silage at a
level of 500 mL/kg DM also improved milk fat and protein
concentrations without any effect on milk vyield in goat
(Mokhtarpour et al., 2016). Dry PH included in goat ration up to
6% (Naserian &Vahmani, 2005) and 32% (Sedighi-Vesagh et al.,
2015) with no adverse effect on milk yield and quality. Pistachio
by-products mixture replaced alfalfa hay (30% of the total diet
DM) in the diet of dairy goats without affecting milk yield, milk
composition, concentrations of short, medium, and long chain
fatty acids (Ghaffari et al., 2014b). The inclusion of 32% dry
PBM in the diet of dairy goats had positive effects on fatty acids
profile of milk (increase cis-9 and trans-11 CLA and trans-11
18:1) without negative effects on milk yield (Sedighi-Vesagh et
al., 2015). Tannins are expected to alter the biohydrogeneation of
fatty acids in the rumen leading to an increase in conjugated fatty
acids content in milk (Morales & Ungerfeld, 2015). However,
contradictory results have been reported on the effect of using dry
pistachio by-products on conjugated linoleic acids in goat milk
(Ghaffari et al., 2014b; Sedighi-Vesagh et al., 2015). That could
be due to the variation in the duration of storage which may lead
to an increase in the degree of polymerization of tannins resulting
in an increase of their impact on ruminal hydrogenation of fatty
acids. This could also explain the variations in reported optimum
levels of inclusion of pistachio by-products in diets of dairy goats
and cows.

6.3. Effects of pistachio by-products on wool and hair
production

The effect of tannins on wool and hair growth is not clear. Terrilla
et al. (1992) found that feeding rations containing 5% of
condensed tannins from Sulla had positive effects on wool
growth. Conversely, Kumar & Vaithiyanathan (1990) reported
negative effects of tannins on wool growth at the same level of
tannins. Moumen et al. (2003) stated that use of dry PH up to 30%
of rations of goat had no adverse effect on Kashmir production
and hair follicle traits. Male lambs fed on dry PH up to 32% of the
ration showed no negative consequences on wool growth and
traits (Salhi et al., 2009). Feeding growing lambs on PH silage at a
level of 25% of total dry matter intake did not significantly affect
wool characteristics but it decreased fleece weight (Salehi
&Mirzaei, 2011). Phenolic compounds in pistachio by-products
are expected to alter metabolism of proteins in the rumen which
might increase amino acids flux to the small intestine. That is
expected to improve wool production and quality. Pistachio by-
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products did not improve Kashmir and wool production in Iranian
sheep and goat (Moumen et al., 2003) because Iranian breeds of
sheep and goat might have ability to tolerate high levels of
phenolic compounds.

7 Potential toxicities

Naserian et al. (2015) reported that PH contains 2.6 g/kg calcium,
15 g/kg of phosphorus and 15 mg/kg of copper (Cu). The high
content of Cu in PH could be related to the use pesticides and
fungicides which contain Cu (Khabaz & Meristani, 2013). NRC
(2005) reported that 10 mg cu/kg in the diet of sheep cause
chronic toxicosis. Furthermore, sheep and cattle tend to develop
liver lesions when they consume excessive amounts of
hydrolyzable tannins (Waghorn et al., 2003). This was supported
by Vahmani et al. (2005) who used dry PH up to 6% in rations of
lactating cows over 84 days. Shakeri et al. (2012) reported that
feeding PH silage over 6 months does not has any adverse effect
on the health status of lactating cattle and fattening calves.
Increasing the levels of PBM silage up to 18% of dietary DM of
calves did not change pH, specific gravity, white and red blood
cells number and epithelial cells of urine and did not cause
hemoglobin uria and hematory (Shakeri et al., 2012). Valizadeh et
al. (2010) did not detect any adverse effect of PH up to 30% in the
ration of lambs on general health and hematology during a trial of
90 days. The use of PH in the diet of sheep can decreased blood
urea-N concentration up to 36% without affecting other blood
metabolites (Ghaffari et al., 2014a). Mahdavi et al. (2010) used
PH up to 35% in the ration of growing lambs over 90 days
without negative effects on liver and kidney histology. Moumen et
al. (2003) incorporated PH up to 30% of goats’ ration over 174
days without harmful effects on health. While Sedighi-Vesagh et
al. (2015) reported increase alanine aminotransferase in blood of
goat while these were feeding on PH up to 32% for 63 days, this
indicates some damage in the liver cells. Although pistachio by-
products have a high content of Cu, pistachio by-products can be
safely included in diets without harmful consequences on
ruminant health. That might be because tannins in PH bind to cu
and decrease its toxic effects. However, the reported studies were
based on short-term trials of up to 4 months. Therefore, further
studies to investigate the effects of long-term feeding of pistachio
leaves on livestock health should be undertaken.

Conclusion

Pistachio by-products represent potential feed resources for
livestock in pistachio producing countries. However, these by-
products are still underutilized for livestock feeding. Studies have
been conducted in recent years to investigate the effect of
pistachio by-products on livestock performance and product
quality. In view of these studies, practical recommendations can
be highlighted:

Alkhtib et al.

i The chemical composition and digestibility of pistachio
by-products are at acceptable levels for moderate
incorporation in diets of ruminants (18-40% of total
dietary DM). However, the variability in the nutritive
value of twigs, leaves, hulls and PBM has to be
considered.

ii. Pistachio by-products, leaves and hulls are suitable for
livestock feeding. However, twigs have high contents
of phenolic compounds(100g/kg DM) while woody
shells have very low digestibility (<22%), thus would
be more effectively utilized as sources of energy or for
biogas production.

iii. Pistachio by-products can be used dry or ensiled.
Therefore, recommendations on appropriate storage
methods should considering conditions within farming
systems.

iv. The content of cuin pistachio by-products is 1.5 times
higher than the toxic level recommended for ruminants.
Therefore, the effect of feeding pistachio by-products
over long periods on livestock health should be studied.

V. Further studies on the effects of using pistachio by-
products on need to be carried out.

Vi. The effect of pistachio by-products on quality of milk
and meat, reproductive performance, wool and hair
yield and quality of ruminants require further studies.

vii. Utilization of pistachio by-products for livestock
feeding by farmers is currently reported to be low.
Thus, the determinants and drivers of their utilization
by farmers need to be identified.
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