
Contents lists available at ScienceDirect

Small Ruminant Research

journal homepage: www.elsevier.com/locate/smallrumres

Influence of dietary feeding different levels of mixed potato-wheat straw
silage on the diet digestibility and the performance of growing lambs

K. Sadria, Y. Rouzbehana,⁎, H. Fazaelib, J. Rezaeia

a Department of Animal Science, Faculty of Agriculture, Tarbiat Modares University, P.O. Box 14115-336, Tehran, Iran
b Animal Science Research Institute of Iran, Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran

A R T I C L E I N F O

Keywords:
Potato-wheat straw silage
Lamb
Intake
Growth
Digestibility
Blood metabolites

A B S T R A C T

The effect of dietary substitution of different levels (0, 100, 200 or 300 g/kg dry matter [DM]) of mixed potato-
wheat straw silage (PWSS) for alfalfa and concentrate on nutrient digestibility, feed intake, growth performance,
microbial nitrogen supply (MNS) and blood parameters of fattening lambs (24 lambs, 25 ± 1.2 kg initial body
weight) was assessed. The potato-wheat straw (57:43 ratio on a DM basis) mixture was ensiled for 90 days before
use. Four isonitrogenous and isocaloric diets were randomly assigned to 4 groups of lambs (n = 6/group) in a
completely randomized design for a 75-day period (15 days for adaptation and 60 days for data collection). The
animals were fed diets as a total mixed ration to ensure 10% orts. Diet digestibility, DM and nutrient intake,
growth rate, MNS and blood metabolites were determined. There was a linear response (P < 0.001) to in-
creasing dietary level of PWSS for crude protein (CP) digestibility, with no effect (P > 0.05) on the digestibility
coefficients of DM, OM, ash-free neutral detergent fiber and EE. The daily intakes of DM, organic matter (OM)
and CP were not affected (P > 0.05) by the dietary inclusion of PWSS. The average daily weight gain was not
influenced (Linear, P = 0.22) with increasing levels of PWSS offered. Consequently, feed efficiency increased
linearly (P = 0.048) with increasing levels of PWSS in the diet as did urinary excretions of purine derivatives
and MNS (Linear, P = 0.01). PWSS inclusion had no effect (P > 0.05) on blood metabolites in the experimental
animals. It is concluded that PWSS can be fed to fattening Mehraban lambs as a replacement (300 g/kg diet DM)
for an alfalfa and concentrate diet without adverse effects on animal performance. This silage is a safe feedstuff
to use in the diet of sheep.

1. Introduction

In years when feed is in short supply and grain prices are high, li-
vestock producers look for alternative feedstuffs such as surplus pota-
toes. The global production of potatoes reached 376.5 million t in 2013
(FAO, 2014). Because of the low market value due to overproduction, a
great part of these potatoes are discarded. Surplus potatoes have a high
moisture content (> 700 g/kg fresh weight) and should be ensiled with
dry feeds such as wheat straw (Charmley et al., 2006). Ensiled potatoes
can be preserved without additives or bacterial inoculants (Babaeinasab
et al., 2015), and the process leads to a reduction in the potential toxin
solanine (Olsen et al., 2001). Utilization of mixed potato-wheat straw
silage (PWSS) as a feedstuff for ruminants is beneficial due to the
moderate levels of in vitro organic matter (OM) digestibility (OMD;

630 g/kg) and metabolizable energy (ME; 9.03 MJ/kg dry matter
[DM]) (Babaeinasab et al., 2015).

In the literature, most papers have described various methods of
ensiling potato by-products (e.g. potato pulp silage, PPS) alone or in
combination with other materials, and the nutritive value of these si-
lages as a feed for ruminant animals was assessed. For example, Okine
et al. (2005) noted that PPS could be a useful feed ingredient in sheep
diets. Furthermore, Aibibula et al. (2004) reported a value of 750 g/kg
DM for DM digestibility in sheep fed PPS based diets. Hanada et al.
(2004) found that the daily weight gain of growing steers was about one
kg when corn grain was replaced with PPS. A metabolic study on lac-
tating dairy cows suggested that feeding PPS significantly improved
nitrogen (N) utilization compared to a grain based diet (Mori et al.,
1986).
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Due to the lack of information on the use of PWSS as a fodder in
ruminant rations, this study was conducted to assess the effects of
feeding this silage (i.e., silage from potato tubers and wheat straw at a
ratio of 57:43 on a DM basis) on the performance of growing lambs,
nutrient digestibility, microbial N supply (MNS) and blood parameters.

2. Materials and methods

2.1. Silage preparation and analyses

A total of 1.6 t of potatoes, variety Agria, were provided from
Hamedan city (Iran), and washed with water to remove soil con-
tamination. Mature potato tubers were harvested according to com-
mercial production practices in Iran (i.e., when the leaves turn yel-
lowish), and chopped into pieces of approximately 5 cm× 5 cm using
an electric potato cutter (Hallde, RG-200, Sweden). Wheat straw was
harvested at full maturity, and chopped into 3–5 cm lengths. Chopped
potatoes were mixed with wheat straw at a ratio of 86:14 on a fresh
basis (a ratio of 57:43 on a DM basis) to give a mixture containing
approximately 300 g DM/kg fresh weight. The homogeneous mixture
was packed tightly in 30 kg double layer plastic bags (total 60 bags),
and vacuumed to remove excess air before sealing. The mixture was
ensiled for 90 days, after which representative samples were taken from
each bag and then stored frozen at −20 °C for later analysis (Table 1).

Samples were oven-dried at 60 °C to a constant weight to determine
DM content, then ground to pass through 1 mm sieve (Wiley mill,
Swedesboro, USA) and stored until analyzed. The samples were ana-
lyzed for ash (Method 924.05), ether extract (EE; Method 954.02), and
N (Method 984.13) according to AOAC International, (1998) proce-
dures. Ash-free neutral detergent fiber (NDFom) was determined
without sodium sulphite (Mertens, 2002). The determination of acid
detergent fiber (ADF) was performed (Method 973.18; AOAC
International, 1998), and expressed exclusive of residual ash (ADFom).
Lignin(sa) was determined by solubilization of cellulose with 72%
sulfuric acid (Method 973.18; AOAC International, 1998). Water so-
luble carbohydrates (WSC) was measured using the anthrone method
(MAFF, 1982), and nitrate by a colorimetric method (Singh, 1988). The
concentration of non-fiber carbohydrates (NFC) was calculated by
subtracting the sum of crude protein (CP), NDFom, ash and EE from
1000 (on DM basis). The in vitro digestibility and the metabolizable

energy of mixed potato-wheat straw silage (PWSS) were estimated
using in vitro gas production experiment for performed at 24 h using the
Menke et al. (1979) technique, and according to the procedure de-
scribed by Babaeinasab et al. (2015).

In vivo digestible OM in the DM (DOMD) was determined as: DOMD
(g/kg of DM) = [(g of OM intake − g of fecal OM)/g of DMI], and ME
values of the experimental diets were calculated as: ME (MJ/kg of DM)
= 0.0157 × DOMD (g/kg of DM) (Alderman et al., 1993).

To measure pH, 50 g of the fresh silage was mixed thoroughly with
125 mL of distilled water in a screw-capped bottle. This was left for 1 h
at 25 °C with occasional stirring. After decanting the silage extract into
a beaker, the pH value was recorded (Faithfull, 2002) using a portable
digital pH meter (Sartorius PT-10; Sartorius AG, Göttingen, Germany).

To quantity the concentration of volatile fatty acids (VFA), the si-
lage was squeezed to obtain silage juice. Two milliliters of the juice was
pipetted into a micro-centrifuge tube with 0.5 mL of an acid solution
(containing 20% orthophosphoric acid and 20 mM 2-ethyl butyric acid,
as the internal standard), and centrifuged at 15,000 × g for 15 min at a
temperature of 4 °C. The supernatant was used to quantify the lactic
acid and VFA by gas chromatograph (UNICAM 4600; SB Analytical,
Cambridge, UK) equipped with a flame ionization detector (FID;
250 °C), split-injection port (1.0 μL injection), and a capillary column
(Agilent J &W HP-FFAP, 10 m by 0.535 mm by 1.00 μm, 19095F-121;
Agilent, Santa Clara, CA). The carrier gas was helium (column head
pressure of 10 psi), and the working temperature of the injector and
detector were 250 and 300 °C, respectively. The initial column tem-
perature was set at 80 °C for 1 min, then increased with 20 °C per min to
120 °C, followed by 6.2 °C per min to 140 °C, and thereafter with 20 °C
per min to 205 °C.

To determine ammonia-N, the extract was obtained by squeezing
the silage material, filtered using Whatman 54 filter paper; a 9 mL of
aliquot was taken, mixed with 1 mL of a 7.2 N H2SO4, and stored at
−20 °C. After thawing, the silage extracts were analyzed for ammonia-
N using a phenol-hypochlorite assay (Galyean, 1997).

2.2. Animals and treatments

From a group of Mehraban lambs who were allowed to graze freely
from 6:00 AM to 5:00 PM and then in the evening were housed and fed
conventional concentrate mixture, twenty-four autumn-born male were
used. These lambs were from a flock of Mehraban lambs under grazing
management during the day (11 h) and stalled at night receiving con-
ventional concentrate. The average body weight (BW) of 25 kg ± 1.2
kg and 4.5 months of age. Four isoenergetic and isonitrogenous diets
were formulated according to AFRC (1995), in which concentrate feed
and alfalfa hay were replaced by different levels (0, 100, 200 or 300 g/
kg of diet DM) of PWSS (Table 2). The experimental diets were for-
mulated to meet the requirements for a growth rate of 300 g/day for
fattening male lambs. The dietary treatments were randomly assigned
to four groups of 6 lambs each in a completely randomized design.
Animals were received the diets, as total mixed rations, at 08:00 and
17:00 h to ensure 10% orts, and had free access to fresh water. Lambs
were individually stalled on concrete floor pens (1.5 m × 1.5 m) with
wood chips bedding, allowed an adaptation period of 15 days followed
by a data collection period of 60 days. During the adaptation period,
lambs were treated for internal (Triclabendazole + Levamisole; Darou-
Pakhsh Co., Iran) parasites, and vaccinated against enterotoxaemia.

2.3. Feed intake and growth performance

During the experimental period, the feed offered and the corre-
sponding ort were recorded daily to estimate voluntary feed intake and
representative daily samples were kept frozen at −20 °C for subsequent
analyses. Samples of feeds offered and orts were oven-dried at 60 °C to a
constant weight to determine DM content, then ground to pass through
1 mm sieve (Wiley mill, Swedesboro, USA) and stored until analyzed.

Table 1
Chemical analyses (g/kg DM or as stated), and individual fermentative fatty acids, me-
tabolizable energy (MJ/kg DM) and fermentation parameters of potato-wheat straw si-
lage.

Dry matter (g/kg fresh matter) 322 ± 1.9
Crude protein 47.0 ± 3.1
Ash-free neutral detergent fiber 441 ± 8.0
Ash-free acid detergent fiber 231 ± 6.2
Lignin(sa) 85.0 ± 3.9
Ash 50.7 ± 4.5
Ether extract 6.1 ± 0.7
Non-fiber carbohydrates 455 ± 3.5
Water soluble carbohydrates 14.0 ± 1.5
Nitrate 1.13 ± 0.3
In vitro organic matter digestibility (g/kg)a 633 ± 2.2
Metabolizable energy (MJ/kg DM)a 9.0 ± 1.2
pH 4.3 ± 0.2
Ammonia nitrogen (g/kg total nitrogen) 59.8 ± 6.3
Fermentative fatty acids (g/kg of DM)
Lactate 65.3 ± 4.1
Acetate 11.2 ± 0.8
Propionate 0.44 ± 0.1
Butyrate 0.47 ± 0.1

a The in vitro digestibility and the metabolizable energy of mixed potato-wheat straw
silage (PWSS) were estimated using in vitro gas production experiment for performed at
24 h using the Menke et al. (1979) technique, and according to the procedure described
by Babaeinasab et al. (2015).
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