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ABSTRACT

Glycyrrhiza glabra L. (GG) pulp is a by-product which remains after
extracting the roots of the plant for pharmaceutical purposes. The feeding value of
GG pulp for sheep was investigated in two experiments.

The overall results from these experiments indicated that GG pulp contained
(all dry matter basis; DM) 3.35-8.90% crude protein, 36.0-43.3% crude fiber,
36.4-47.7% nitrogen-free extractives (NFE), 3.51-3.60% crude fat and 7.80-9.47% ash;
total digestible nutrients (TDN) value, measured on 11 rams, varied from 17.2 to 506.
Digestion coefficients were also variable in both experiments. Levels of Ca and Mg
(experiment 2) were 1.80% and 3.92%, respectively, but P was not detectable. The
concentrations (micrograms per g DM) of K (200), Na (125), Fe (6.05), Mn (4.2), Zn
(5.8) and Cu (5.0) in GG pulp were also measured. In the first experiment, rations
containing 0, 15, 25 and 35% GG pulp were fed to 17-18 months old Mehraban and
Ghezel ewes (n=7-8 per breed; n=15 per ration) for 80 days. Mean slaughter weight
{P=0.056), total gain (P=0.0023) and gainfeed ratic (P=0.002) were lower at higher
levels of GG pulp; however, mean feed intake did not differ amongst the
experimental groups. Breed and ration Interaction effects were not significant. The
amount of cavity fats was lower, but empty stomach weight was greater for the

sheep on GG pulp rations.

1. Associate Professor and Instructor, respectively.



In the second experiment, GG pulp was ensiled with urea, wet sugar beet pulp
and molasses and the silages were fed to 17-18 months old Mehraban (n=35) and
Ghezel (n=35) rams in a feediot for 100 days. Each silage formed 40% DM of a
fattening ration. Feedlot performance and carcass characteristics of GG pulp fed
sheep were not different from the control sheep.

The results of these experiments show that GG pulp can be included in the
ration of sheep, especially if ensiled with urea, molasses and sugar beet pulp,;

however, further longer-term experiments are recommended.
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INTRODUCTION

Chronic feed shortage is a major limitation to animal production in
many developing countries, including Iran, resulting in poor animal
performance (4). Because conventional roughages such as alfalfa are
relatively expensive in Iran, crop residues, especially wheat straw, are fed
to ruminants in an increasing amount. Identification and use of potential

non-conventional plant residues may partly alleviate the problem.

51



Glycyrrhiza glabra L. (GG), locally known as "shirin-bian" or "maak",
is a natural vegetation in Iran, particularly in the Fars province. The roots
of the plants have pharmaceutical usages. Large scale cultivation of GG is
currently carried out in southern Iran. The roots were used to be exported
to Europe in the past; however, at present three processing plants, all
located in the Fars province, are involved with the extraction of the roots
and exporting the extracted material as powder. The powder is used in
pharmaceutical, confectionary and soft drink industries. The by-product of
root extraction is referred to as GG pulp and contains a considerable
amount of moisture. The pulp is generally piled in the factory yard where
it creates storage problems. Some pulp is used as fuel by a number of
brickyards and some is used as soil amendment. The monthly production of
GG pulp is estimated at 12000 tons (as is) and is sold at 500 Rls per ton.

The purpose of the present experiments was to study the feeding value
of GG pulp for sheep. In the first experiment, effects of GG pulp in the
ration of ewes with a theoretical weight gain of about 100 g day™' was
investigated.

Urea treatment of wheat straw improves its nutritive value (2) and is
practised by some farmers in Iran. Composition of GG pulp was found to be
similar to wheat straw ( Experiment I); therefore, urea treatment might
similarly improve its feeding value. High quality agro-industrial
by-products such as molasses and sugar beet pulp are not available in many
parts of Iran on a year-round basis. On the other hand, there is a problem
with storage of wet by-products if these are bulk-purchased. Ensiling of .

fibrous by-products with molasses, wet sugar beet pulp and urea, if



successful, will not only increase their nutritive values but it might also
solve the problem of storage of wet sugar beet pulp and molasses. The
second experiment was therefore conducted to study the possibility of
ensiling wet sugar beet pulp, molasses and urea with GG pulp and wheat
straw , and to investigate the effect of ensiling on the feeding value of

these fibrous by-products for fattening sheep.

MATERIALS AND METHODS

Experiment I

Digestion trial: Chemical composition of GG pulp was determined according
to. AOAC methods (1). Digestion coefficients for crude protein (CP),
crude fiber (CF) and crude fat or ether extract (EE), and the TDN
value were determined by using five intact rams of a fat-tailed sheep
breed. Concentrations of calcium (atomic absorption) and phosphorus
(spectrophotometry) in GG pulp were determined by our colleagues in
the Dept. of Soil Science by atomic absorption and spectrophotometric
methods, respectively. The rams were fed a 1:1 mixture of alfalfa hay
and GG pulp for a preliminary period of 14 days followed by a
collection period of seven days. Digestion coefficients and TDN values
were calculated as described by Crampton (3). Results are shown in
Table 1.

Feeding trial: Sixty individually caged 17- to 18-month old ewes belonging
to two fat-tailed breeds of local sheep (Mehraban and Ghezel) were

allotted to four experimental groups on the basis of their body weights



Table 1. Composition of Glycyrrhiza glabra L. pulp (dry matter basis)
in experiments I and II.

Exp.I Exp.II
Dry matter (%) 61.2 95.6
Crude protein (%) 8.90 3.35
Crude fiber (%) 433 36.0
NFE (%) 36.4 47.7
Ether extract (%) 3.60 3.51
Ash (%) 7.80 9.47
TDN (%)
Mean + SD 42.2 £ 6.7 225+46
Range 35.1 - 50.6 17.2 - 29.9
Digestibility (%)
Crude protein 34.0 3.6
Crude fiber 72.6 26.2
NFE 54.6 34.4
Ether extract 41.8 19.3
Minerals
Ca (%) 1.80 1.92
P (%) Not detected Not detected
Mg (%) ND 3.92
K (ug g™ ND 200
Na (ug g™ ND 125
Fe (ug g™ ND 6.05
Mn (ug g™ ND 4.2
Zn (ug g™ ND 5.8
Cu (ug g™ ND 5.0

ND : Not determined



(7-8 ewes per breed). Mean body weights of the ewes in the
experimental groups were not statistically different and varied between
42.8-43.5 kg. Using data on chemical composition and TDN value of
GG pulp from the digestion trial, four rations were prepared to give a
theoretical weight gain of about 100 g/day. Ration 1 which contained
35% wheat straw (as fed; 90.0% dry matter) was chosen to serve as
control. In ration 2, wheat straw was substituted by equal proportion
of GG pulp. Ration 3 contained 25% GG pulp and 10% wheat straw,
and ration 4 contained 15% GG pulp and 20% wheat straw. The
common ingredients of the rations were: 35% alfalfa hay, 14% dried
sugar beet pulp and 16% barley grains. All rations were adjusted to a
common dry matter of 90.0%. The composition of the rations is shown
in Table 2.

A gencrous amount of each ration was weighed and delivered to the

feed trough at 8.00 a.m. Daily orts wére removed and weighed before daily

feed was added to the trough. The experimental rations were fed for 80

days and water and salt-lick were freely available during the feeding trial.

At the end of the trial, five Mehraban ewes were slaughtered from

each experimental group and carcass characteristics were determined as

described by Farid (6).

Experiment II

Digestion trial: Eventhough the composition of GG pulp had been

determined in Exp. I, this digestion trial was conducted because GG
pulp which was used in Exp. II had been obtained from a different

processing plant. It was therefore necessary to evaluate it before



feeding. The trial was carried out with six rams as described in Exp. L.

In addition to calcium and phosphorus (Exp. I), the levels of several

other minerals in GG pulp were also determined by atomic absorption

(Kindly performed by Dept. of Soil Sci.).

Feeding trial: Wheat straw and/or GG pulp were ensiled with wet sugar
beet pulp, molasses and urea in ground silos. The DM content was
adjusted to 30% for all silages and the ingredients were mixed
thoroughly before ensiling. Four silages contained 68.7, 61.5, 52.4 and
40.5% DM wheat straw, respectively (S-1 to §-4). One silage contained
20.25% DM straw and an equal amount of GG pulp (S-5) and the last
one contained 40.5% DM GG pulp (S-6). The composition of the silages
is shown in Table 3.

Seven weeks after ensiling, the silages were fed during a 100-day
fattening period to 17- to 18-month old Mehraban (n=35) and Ghezel (n=35)
rams. Equal numbers of sheep were assigned to seven rations (six with
silages and one with alfalfa hay). Each ration consisted of two parts which
varied slightly during the first and second 50 days of the fattening périod;
the control sheep received 42% DM alfalfa hay (TDN=51 ;CP=14.7%) and
the experimental sheep received an equivalent amount of the appropriate
silages (S-1 to S-6). The other portion of the ration consisted of 22%
alfalfa hay, 35% barley grains, 0.5% common salt, 0.45% steamed bone
meal and 0.05% vitamin supplement {all DM basis).

During the second 50 days of the fattening period, 40% DM of each
ration consisted of either alfalfa hay (control) or silages, and 60% of the

ration contained 19% alfalfa hay, 40% barley, 0.5% common salt, 0.45%



Table 2. Composition (DM %) of the rations in experiment It.

Ration No.
1 2 3 4
TDN 58.7 55.0 56.1 57.1
Crude protein 10.0 10.5 10.3 10.0
Calcium 0.61 0.95 0.85 0.70
Phosphorus 0.15 0.12 0.12 0.13

t : For description of rations, please see the text.

Table 3. Silage ( S-1 to $-6) ingredients and composition (DM %) in

experiment IIt,

Ingredients S-1 5-2 5-3 5-4 §5-5 S-6
Wheat straw 68.7 61.5 52.4 405 2025 -
GG pulp = = = = 20.25  40.5
Sugar beet pulp 9.0 136 194 27.0 27.0 27.0
Molasses 198 222 252 29.2 29.2 29.2
Urea 2.5 2.7 3.0 3.3 3.3 3.3
Composition

TDN 50.0 52.0 555 585 54.5 51.0

Crude protein 120 13.0 143 158 15.8 15.7

t : For description of rations, please see the text.



steamed bone meal and 0.05% vitamin supplement.

The sheep were fed gradually in an increasing amount with the
appropriate ration for two weeks, followed by a 100-day fattening period.
During the gradual feeding phase, four control sheep died, one due to
suffocation and three due to overeating.

Weight gain, daily dry matter intake (DMI) and feed costs were
determined at the end of the fattening period. Four Mehraban sheep from
each ration group were slaughtered and several carcass traits were studied.
The carcass traits considered were the weights of cold carcass, legs,
shoulder, back joint, flap, neck and fat content (including the fat-tail). The
length and width of the cross section of the Longissimus dorsi muscle and
the backfat depth at 12/13th rib were also measured. The dissection
procedure is described elsewhere (6).

Statistical Procedures

The data were analyzed by ANOVA procedure of SPSS-PC with the
body weight as covariate. Mcan separation was performed by Tukey’s

procedure (7).

RESULTS AND DISCUSSION

Composition of GG Pulp

The chemical composition, digestion coefficients and TDN values of
GG pulp in both digestion trials are shown in Table 1. The CP content and
TDN value of the pulp used in Exp. Il were 40 and 50%, respectively, of

the values in Exp. I. There were marked individual variations in the ability



of sheep to utilize the GG pulp as shown by the ranges of TDN values
(50.6 in Exp. I to 17.2 in Exp. II). Mean TDN value was 42.2 in Exp. I and
22.5 in Exp. II. As far as TDN values are concerned, GG pulp may at best
be compared with straw. Further studies are required to obtain a more
accurate estimate of TDN value. There may also be species variation in
their ability to utilize GG pulp, and it is thus recommended to use other
species, such as goats and cattle, in similar experiments. It is suggested that
acid and neutral detergent fiber levels be determined in order to obtain a
more accurate estimate of the usefullness of the structural carbohydrates.

The concentration of several minerals, whichever possible, were also
determined (Table 1). Calcium contents were similar for the two batches of
the GG pulp. Phosphorus was undetectable in these samples. It is likely that
various batches may differ considerably in mineral contents, and it is
necessary to analyze more samples to obtain a more reliable estimate of the
concentrations of these and other minerals that were not measured in the
present work.

The pulp must also be investigated for the presence of deleterious
substances, since it has been shown that several non-conventional feeds
contain toxic substances (5). The relatively high content of ash in GG pulp
may contain undesirable elements concentrated from the soil. It is therefore
essential to investigate the ash composition.

Performance Data
Experiment I
Table 4 shows the means + SD for slaughter weight, total feed intake,

total gain and gain-to-feed ratio (kg gain kg™ feed) for the experimental
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groups. The slaughter weight was influenced by the type of ration fed
(P=0.056). Sheep receiving rations containing 25 to 35% GG pulp had
smaller slaughter weights compared with those containing 0 and 15% GG
pulp. Total weight gain during the experimental period was affected by the
type of ration (P=0.003). Sheep fed ration with 25% GG pulp gained less
compared with those fed 0 and 15% GG pulp. Total feed intake did not
differ amongst various groups, but gain-to-feed ratio significantly
decreased for rations with 25 and 35% GG pulp compared with rations
containing 0 and 15% GG pulp (P=0.002). The observed feed efficiency was
lower than expected; this might have been caused partly by the
exceptionally cold weather during the conduct of the experiment, resulting
in higher feed consumption. However, mean daily gain of the control group
was about 85 g as compared with the theoretical value of 100 g used to
formulate the ration. For all above parameters, the effects of breed and
breed x treatment interaction were not significant.

Most carcass characteristics were not different amongst experimental
rations (data not shown); however, the weights of internal fat depot
(thoracic, peritoneal and pelvic cavities; P=0.05) and the empty-stomch
weight (P=0.002) were affected by the treatment. The sheep fed with
GG pulp rations had a smaller internal fat depot compared with those
receiving the control ration (Table 4). Higher levels of GG pulp resulted in
a 50% reduction in the size of the internal fat depot.

The empty-stomach weights of the sheep fed with rations containing
GG pulp were in general heavier than those of the sheep which received

straw ration. The fiber or other unknown substances in GG pulp might have



had a stimulatory effect on the stomach.

It can be concluded that decreased slaughter weight and daily gain in
sheep which received GG pulp were mainly due to lower fat deposition in
the body. Considering the gradual decrease in body weight with increasing
levels of GG pulp, along with the relatively short period of the experiment
(80 days) it seems that GG pulp as such can not be fed to sheep for long
periods. However, during the periods of feed shortages some GG pulp can
be fed, since only the body fat was reduced when it was included in the
ration.

Experiment 11

Data presented in Table 5 show the daily dry matter intake (DMI),
DMI per 100 kg body weight (BW) and daily feed cost (in Rials) for shecp
fed with the control ration and various silages. Daily DMI (P=0.002), DMI
per 100 kg BW (P=0.001) and daily feed cost (P=0.001) differed with the
ration, but daily gain was not different amongst ration (P>0.05). Mean
daily gain (+SD) was greater (P=0.025) for Ghezel compared with Mchraban
sheep (140.3+ 38.9 vs 122.2+ 35.9). Gain-to-feed ratio was also higher
(P=0.006) for Ghezel breed (0.068+ 0.022 vs 0.06310.019).

The sheep fed ration S-3 consumed more DM compared with the
control and S-6 rations; however, the differences amongst other rations
were not significant (P>0.05). The reasons for such differences are not
clear, Daily feed cost was higher for sheep receiving the control ration
compared with silage containing rations. Daily feed cost for the sheep on
wheat straw containing silage was generally higher than the feed cost for

sheep fed with GG-pulp-containing silages. This mainly reflects the lower



Table 5. Dry matter intake (DMI) and feed cost for sheep fed in the control and silage-based
rations* (mean+SD)¥ in experiment II.
Daily DMI DMI per Daily feed Daily gain  Gian:feed

Ration n (kg 100 kg BW  Cost (Rials) ® ratio

Control 6 194 £ 035" 424 +036° 1714+313" 136 +33* 149139
S-1 10 211022 402+033° 1562+ 17.1° 134+ 44 175 66
$-2 10 201 £023*® 365+018 1486+ 166° 109+ 32° 214 + 12.7°
§3 10 216 £029" 400+ 039" 1522 +164* 130 +34* 178 £ 56°
S-4 10 204+022® 3741018 1456+ 160 122+35 187 + 82
§5 10 199 +£019® 377019 1376+ 1319 153+ 53 144+ 47
S6 10 192+030° 370+011° 1296+200° 136+24* 144 + 2.7

t  For description of rations, please see the text.

§  Within each column, means followed by same letter(s) are not statistically different (P>0.05,

Tukey’s test).




prices of GG pulp and wheat straw in comparison with that of the alfalfa
hay. DMI per 100 kg BW did not differ amongst sheep fed silage rations,
but the sheep on control ration consumed more DMI per 100 kg BW
compared with S-2, S-4, §-5 and S-6 rations. DMI and feed cost were not
different between Ghezel and Mehraban breeds (P>0.05). None of the
breed x ration interactions was significant (P>0.03).

Carcass traits (absolute value or as a percentage of the cold carcass
weight) were not different amongst rations (P>0.05). Since only four sheep
in each group were slaughtered for this purpose, there may be a need for
using more sheep to detect any real differences which may exist. The cold
carcass consisted of 23.2% leg, 15.2% shoulder, 16.6% back joint, 16.5%
flap, 6.0% neck and 23.0% fat (including fat-tail). Mean back-fat depth was
7.2 mm, and the length and width of the cross section of Longissimus dorsi
muscle, measured at 12/13 rib, were 6.4 and 3.4 cm, respectively.

The results of this experiment showed that low quality roughages such
as wheat straw and GG pulp could successfully be ensiled with urea, wet
sugar beet pulp and molasses. The feeding value of the silages for fattening
sheep was similar to alfalfa hay as far as weight gain and carcass
composition were concerned. Due to low prices of these roughages, the feed
costs were lower for the rations containing these feedstuffs. The cost of
livestock feed has become prohibitive in Iran, and the ensiling procedure
described in this experiment might help solve problems associated with
storage of wet sugar beet pulp and molasses, as well as increasing the
nutritive value of these low quality roughages. Further experiments are

required to determine if different processing practices would improve GG



pulp feeding quality, as described for many non-conventional feed

resources (2, 4, 8, 9) for sheep, goats and cattle.
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