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ABSTRACT: The effect of infusing dipeptides or their
amino acids on mohair growth of Angora goats was
investigated using a skin perfusion technique. Seven
Angora wethers (average BW 24 ± 2.5 kg) were im-
planted bilaterally with silicon catheters into the super-
ficial branches of the deep circumflex iliac artery and
vein and carotid artery. The experiment consisted of
three 28-d phases. In the first 14 d of Phases 1 and 3,
saline was infused into deep circumflex iliac arteries
supplying skin and in Phase 2 a mixture of dipeptides
(methionine-leucine [Met-Leu], lysine-leucine [Lys-
Leu]) was infused into the artery on one side, and free
amino acids were administered on the other side. Infu-
sion rates of peptides were 0.85 mg/h Met-Leu and 0.85
mg/h Lys-Leu in 2.4 mL saline. Infusion rates of amino
acids were 0.474 mg/h Lys, 0.483 mg/h Met, and 0.743

Key Words: Amino Acids, Angora, Dipeptides, Goats, Growth, Mohair

2002 American Society of Animal Science. All rights reserved. J. Anim. Sci. 2002. 80:1097–1104

Introduction

Until recently, it was commonly believed that gastro-
intestinal digestion of proteins is complete and that
only free amino acids enter circulation. However, a con-
siderable body of evidence for absorption of peptides
from the gastrointestinal tract has accumulated (Webb,
2000). There are also indications of peptide clearance
from the blood (Druml et al., 1991). Therefore, many
tissues appear to utilize peptides as donors of amino
acids for protein synthesis. Intravenous infusion of pep-
tides has been shown to support serum protein concen-
trations and nitrogen retention equivalent to free amino
acids (Adibi et al., 1993). Intravenous infusion of small
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mg/h Leu in 2.4 mL saline. A 100-cm2 area within the
perfused region was used to determine mohair growth.
Two weeks after the cessation of infusions, perfused
areas were shorn. Clean mohair production from the
dipeptide- and amino acids-perfused regions were simi-
lar (4.21 vs 4.35 g/[100 cm2 ± 28 d], respectively; P >
0.05). However, clean mohair production during dipep-
tides and amino acids infusions was greater (P < 0.01)
than that observed during saline infusions (3.63 g/[100
cm2 ± 28 d]). There were no significant differences be-
tween dipeptides and free amino acids in concentrations
of various hormones and metabolites in blood from deep
circumflex iliac veins (P > 0.05). In conclusion, the stud-
ied small dipeptides and amino acids similarly in-
creased mohair fiber growth, presumably through sup-
plying limiting amino acids directly to the fiber follicle.

peptides can be used to deliver amino acids difficult to
supply via infusion of free amino acids (Radmacher et
al., 1993) that are relatively unstable or poorly soluble
(Christensen, 1995).

Pan et al. (1996) demonstrated in vitro that methio-
nine (Met)-containing peptides could be used as Met
sources for protein accretion. Methionine-containing
peptides were superior to free Met in supporting protein
accretion of cultured myogenic and mammary epithelial
cells. However, the extent and efficiency of small pep-
tide utilization in vivo has not been extensively studied.

Choung and Chamberlain (1995a,b) observed that
abomasal infusions of the enzymatic hydrolysate of ca-
sein stimulated yield of milk fat to a much greater
extent than did free casein or free amino acids. In skin
perfusion experiments with Angora goats, infusion of
both amino acids (Puchala et al., 1995) and small pep-
tides (Pierzynowski et al., 1997) increased mohair pro-
duction, although amino acids and small peptides have
not been contrasted in the same experiment. Therefore,
the objective of this experiment was to compare effects
of infusing a defined area of skin of Angora goats with
small quantities of a mixture of dipeptides, methionine-
leucine (Met-Leu) and lysine-leucine (Lys-Leu), and
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Figure 1. Description of activities in three 28-d experimental phases. Each phase consisted of 14-d infusion (shaded
area) and 14-d rest (clear area) periods. Sides of infusion were selected randomly (shaded-dotted line and shaded-
broken line). Perfused areas of the skin were shorn before and after each experimental phase (bold line). On d 7 and
14 in Phase 2, during the infusion period, blood was obtained from a carotid artery and a superficial branch of deep
circumflex iliac veins. Blood flow was measured on d 14.

free amino acids on mohair growth and blood metabo-
lite concentrations.

Materials and Methods

Animals

The experimental protocol was approved by the Lang-
ston University Animal Care Committee. Seven Angora
wethers (BW 24 ± 2.5 kg, approximately 15 mo of age)
were implanted bilaterally with Silastic catheters (Dow
Corning, Midland, MI) in the superficial branches of
the deep circumflex iliac artery and the deep circumflex
iliac vein as described by Pierzynowski et al. (1994),
and a Silastic catheter was placed in the carotid artery
as well. The area supplied by the artery was identified
using methylene blue (Sigma, St. Louis, MO) infusion,
and an area (10 ±10 cm) was marked by tattoo in the
middle of the perfused region. Animals recovered from
anesthesia within 5 to 6 h and were moved to individual
cages, where they were allowed to rest for 1 wk. Animals
received daily intramuscular injections of procaine pen-
icillin (600,000 U, Pfizer, New York, NY) for 4 d. Cathe-
ters were flushed with heparin (100 U/mL) every week
to maintain patency. Animals were fed a mixed concen-
trate-forage diet (37.8% bermudagrass hay, 7% alfalfa,
25% oats, 19% ground corn, 9% solvent-extracted soy-
bean meal, 1% trace mineralized salt, 1% calcium car-
bonate, and 0.2% vitamin premix; DM basis), prepared
according to NRC (1981) recommendations, once daily
at 0800 at approximately 110% of consumption on the
preceeding few days and had free access to water.

Experimental Design

Goats were shorn before the 84-d experiment, which
consisted of three 28-d phases (Figure 1). The primary
objective, to compare effects of amino acids and dipep-
tides, was addressed in the middle phase. A strength
of the employed perfusion technique is that infusate
treatments can be compared in the same animal at the

same time, with one infusate administered to the right
side and the second infusate to the left side. However,
because the animal has only two sides, it is not possible
to study two infusates and a control treatment simulta-
neously in the same animal. Therefore, our approach
to gain insight regarding possible effects of infusions
was to monitor mohair fiber growth both before (Phase
1) and after (Phase 3) infusions with dipeptides and
amino acids (Phase 2). So that experimental conditions
during Phases 1 and 3 would be as similar as possible
to those in Phase 2, saline was infused for 14 d in Phases
1 and 3 just as amino acids and dipeptides were infused
in Phase 2. Nonetheless, the comparison of saline infu-
sion in Phases 1 and 3 with infusion of amino acids
and dipeptides in Phase 2 was confounded with time.
However, we believed that if measures were similar
between Phases 1 and 3 it would be reasonable to as-
sume that there were minimal differences due to time.

The tattooed region was shorn using a small Oster
(Milwaukee, WI) clipper with a number 40 blade. For
the first 14 d of each phase animals were infused either
with saline (Phases 1 and 3) or a mixture of dipeptides
or free amino acids (Phase 2) into the deep circumflex
iliac arteries. Sides of infusion in Phase 2 of dipeptides
and free amino acids were chosen randomly. For peptide
infusions, 0.354 g Met-Leu, 0.354 g Lys-Leu, and 0.5 g
BSA were dissolved in 1 L of saline, and pH was ad-
justed to 7.4 using NaOH. For amino acid infusions,
0.1975 g Lys, 0.2013 g Met, 0.3096 g Leu, and 0.5 g BSA
were dissolved in 1 L of saline, and pH was adjusted to
7.4 using NaOH. Bovine serum albumin, used as a car-
rier for infused amino acids and dipeptides in Phase 2,
was also added to saline infused in Phases 1 and 3.
Solutions were infused with 60-mL syringe pumps
(Harvard Apparatus, South Natick, MA). Infusion rates
were 2.4 mL/h for saline or dipeptide or amino acid
mixtures. The infusion provided 1.7 mg/h (6.10 �mol/
h) dipeptide mixture or 0.474 mg/h (3.24 �mol/h) Lys,
0.483 mg/h (3.24 �mol/h) Met, and 0.743 mg/h (5.66
�mol/h) Leu. Relatively small amounts of dipeptides
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and amino acids were infused to limit effects to a defined
area of skin, and so that the infusate of one side would
not influence metabolism on the other side (Pierzynow-
ski et al., 1994, 1997; Puchala et al., 1995, 1996).

Methionine and Lys are reported to be the most lim-
iting AA for wool and mohair growth (Reis et al., 1990;
Sahlu and Fernandez, 1992; Puchala et al., 1995). Leu-
cine was also included in the mixture because it is
known to serve as an energy-yielding substrate, is an
important regulator of protein turnover, and modifies
uptake of tyrosine, phenylalanine, and tryptophan (Be-
nder, 1984). Leucine stimulates protein synthesis and
its metabolite, α-oxoisocaproate, is responsible for in-
hibiting protein catabolism (Bender, 1984). The infu-
sion rate of amino acids from free amino acids and
dipeptides was designed to increase flow of amino acids
in perfused areas by approximately 15% for Met, 3%
for Lys, and 2.5% for Leu (calculated using average
blood amino acid concentrations in deep circumflex iliac
circulation and average blood flow in the perfused area).
Assuming total blood volume to be 8% BW, the calcu-
lated contribution of infused dipeptides and free amino
acids to whole-body amino acid metabolism (estimated
as a fraction of daily amino acid blood flow) was negligi-
ble (Met = 0.1%, Lys = 0.03%, Leu = 0.03%). Therefore,
the skin perfusion technique allowed for study of in
vivo skin metabolism without altering metabolism in
the rest of the body, and likewise facilitated simultane-
ous within-animal comparison of treatments.

On d 7 and 14 of peptide or amino acid infusions,
blood was collected at 0800 from both deep circumflex
iliac veins and the carotid artery. Blood was collected
into three 7-mL tubes containing K3 EDTA for hormone
assays, sodium heparin for amino acid analysis, or pot-
assium oxalate-sodium fluoride for quantification of
other metabolites (Vacutainer, Becton Dickinson, Ruth-
erford, NJ). Tubes were immediately chilled in an ice
bath, transported to the laboratory, and centrifuged at
1,500 ± g at 4°C for 20 min. Plasma aliquots were stored
at −20°C until analysis. Also, on d 14 blood flow to
perfused regions was measured through a primary dose
of 10 mL of 0.5% (wt/vol) para-aminohippuric acid into
iliac arteries followed by continuous infusion of the
same solution with added dipeptides or amino acids at
the rate of 12 mL/h. The amount of dipeptides or amino
acids added to the para-aminohippuric acid solution
was designed so that nutrient delivery rate was the
same as described previously. After a 30-min equilibra-
tion period, six samples were taken at 20-min intervals
from the carotid artery and iliac veins for analysis of
para-aminohippuric acid, hemoglobin, oxygen satura-
tion, and packed cell volume. At the end of each phase
tattooed regions were shorn and mohair fiber was col-
lected for analysis of yield, fiber diameter, and amino
acids.

Analyses

Plasma hormones were analyzed using commercially
available kits from ICN Biomedicals (Costa Mesa, CA)

(insulin: kit no. NK9910; total triiodothyronine: kit no.
LN1305; and total thyroxine: kit no. LN1301). Analyses
for the specific hormones were carried out in one run,
and intraassay coefficients of variation were 5.9% for
insulin, 4.8% for triiodothyronine, and 6.2% for thyrox-
ine. Amino acid analyses were performed using an
AminoQuant 1090 system (Hewlett-Packard, San Fer-
nando, CA), utilizing precolumn derivatization with o-
phthalaldehyde and 9-fluorenylmethylchloroformate
and UV detection. Plasma (0.45 mL) was deproteinized
with 0.05 mL 50% (wt/vol) sulfosalicilic acid with inter-
nal standards (norvaline and sarcosine). Plasma glu-
cose concentration was analyzed colorimetrically using
a Sigma Diagnostic (St. Louis, MO) kit (catalog no. 315).
Plasma urea N was determined as described by Chaney
and Marbach (1962). Plasma was analyzed for para-
aminohippuric acid by an automated procedure (Tech-
nicon Industrial Systems, 1972; No. 216- 72T). Samples
for oxygen and hemoglobin were drawn anaerobically.
Samples were immediately analyzed for hemoglobin
percentage and oxygen saturation of hemoglobin with
an OSM 3 Hemoximeter (Radiometer, Westlake, OH).
Remaining sample was then used to determine packed
cell volume with heparinized tubes (Clay Adams, Par-
sippany, NJ). Fiber length and greasy and clean mohair
yields were determined according to standards of the
American Society of Testing and Materials (ASTM,
1988). Fiber diameter was determined using the Optical
Fibre Diameter Analyzer (BSC Electronics, Myaree,
Australia). To determine mohair amino acid profile, mo-
hair samples were allowed to react with 3,3′-dithiodi-
propionic acid to convert cysteine (Cys) to stable Cys-
3-mercaptopropionic acid and hydrolyzed with 6 N HCl
using a MDS–2000 microwave system (CEM, Mat-
thews, NC). The amino acid profile of digested mohair
samples was determined using the AminoQuant system
(Hewlett Packard) as noted earlier.

Calculations

Efficiency of utilization of each amino acid was calcu-
lated as the difference in quantities of mohair obtained
between the peptide/amino acid phase and saline
phases. This difference coupled with the mohair amino
acid profile allowed for the determination of the amount
of each amino acid in the mohair, which was used to
estimate the percentage of infused amino acids re-
tained.

Amino acid arterio-venous differences in Phase 2
were calculated from amino acid concentrations in the
blood from carotid arteries and the superficial branch
of iliac veins. The difference coupled with blood flow
allowed the estimation of net flux of amino acids across
the perfused skin area. Quantities of amino acids re-
tained in mohair were calculated from average mohair
fiber growth and the mohair amino acid profile for
Phase 2. Uptake or release (positive values indicate
uptake and negative values release) was divided by
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Table 1. Mohair measurements after 14 d of infusions of dipeptides (Met-Leu and
Lys-Leu) or free amino acids (Met, Lys, and Leu) and 14 d of regrowth (Phase 2)a

Infusionb

Mohair Dipeptides Free amino acids SE P <

Greasy mohair, g/100 cm2 5.56 5.69 0.11 0.44
Clean mohair, g/100 cm2 4.21 4.35 0.08 0.24
Length, mm 23.3 23.0 0.26 0.49
Diameter, �m 30.8 30.6 0.21 0.31

an = 7. Least squares means.
bDipeptides: 0.85 mg/h Met-Leu and 0.85 mg/h Lys-Leu in 2.4 mL saline. Free amino acids: 0.474 mg/h

Lys, 0.483 mg/h Met, and 0.743 mg/h Leu in 2.4 mL saline.

retention of amino acids in mohair to yield a ratio of
uptake or release.

Statistical Analyses

To compare effects of peptides and amino acids, Phase
2 data were analyzed as a randomized block design
with a model consisting of treatment and animal (block)
by GLM procedures of SAS (SAS Inst. Inc., Cary, NC).
Because type of infusate in Phase 2 (dipeptides and
amino acids) did not affect measures, data for the two
sides of each goat were averaged to compare measures
among the different phases. These data, as well as feed
intake in the different phases, were analyzed with a
model consisting of phase. For blood measures on both
d 7 and 14 of infusions, data were analyzed as a split
plot with animal within treatment as the error term
for testing the main plot of treatment. Residual error
was used to test the subplot of sampling time and the
interaction of time and treatment.

Results

Feed intake (920 ± 30 g/d) was not reduced by infusion
and was similar among phases. Greasy and clean fiber
mohair production, staple length, and fiber diameter
were similar between infusions of dipeptides and free
amino acids (Table 1). However, greasy and clean mo-
hair production and staple length were greater (P <
0.05) during Phase 2 with infusions of dipeptides and
amino acids than in Phases 1 and 3 when both sides
were infused with saline (Table 2). Mohair length

Table 2. Mohair measurements for 28-d phases with infusion of saline (Phases 1 and 3)
or amino acids (Met, Lys, and Leu) as peptides or free amino acids (Phase 2)a

Phaseb

Mohair 1 (Saline) 2 (Amino acids) 3 (Saline) SE

Greasy mohair, g/100 cm2 4.71d 5.62c 4.52d 0.19
Clean mohair, g/100 cm2 3.68d 4.28c 3.58d 0.15
Length, mm 19.2d 23.1c 18.5d 0.09
Diameter, �m 31.1 30.7 30.6 0.14

an = 7. Least squares means.
bMean of values for infusion of dipeptides (0.85 mg/h Met-Leu and 0.85 mg/h Lys-Leu in 2.4 mL saline)

and amino acids (0.474 mg/h Lys, 0.483 mg/h Met, and 0.743 mg/h Leu in 2.4 mL saline) or saline to both
sides of the goat.

c,dWithin a row, means without a common superscript letter differ (P < 0.05).

growth was greater during Phase 2; however, fiber di-
ameter was not different among phases.

Assuming that in Phase 2 infused amino acids (free
or dipeptides) were only used as building components
of protein of mohair fiber produced above that observed
in Phases 1 and 3, only 5% of Met was retained in
protein of mohair fiber compared with 13% of infused
Lys and 18% of infused Leu (Table 3). However, assum-
ing that all Cys retained in protein of mohair fiber in
Phase 2 was derived from transulfuration of infused
Met, then total retention of infused Met in mohair fiber
protein was 50%.

Infusions had no effect on blood flow (P > 0.05) in the
perfused area and did not change oxygen saturation of
hemoglobin, hemoglobin concentration, or packed cell
volume (Table 4). There were no effects of sampling
or interactions between time and treatment in blood
metabolite concentrations. Plasma concentrations of
urea N, glucose, insulin, triiodothyronine, and thyrox-
ine were similar between dipeptides and amino acids.
Arterio-venous differences, between blood from a ca-
rotid artery and superficial branches of iliac veins, were
positive for all analyzed amino acids except alanine.
Arterio-venous differences were similar between amino
acid and dipeptide treatments (P > 0.05; Table 5). There
were no differences in amino acid concentrations in
mohair fiber between infusion treatments (data not
shown) and phases (Table 6). The ratio of amino acid
uptake to amino acids retained in mohair fiber among
essential amino acids was highest for Met and lowest
for Cys (Table 7).
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Table 3. Utilization of amino acids infused as
dipeptides or free amino acids for mohair

production based on differences in
mohair growth during infusion of

amino acids and salinea

Retained in Infused, Utilization,
Amino acid mohair, mg mg %

Methionine 8.3 162.3 5.1
Leucine 45.7 249.6 18.3
Lysine 21.2 159.3 13.3
Cysteine 72.4 44.6b

aEfficiency of utilization of each amino acid was calculated as the
difference in quantities of mohair obtained between the peptide/
amino acid phase and saline phases. This difference coupled with the
mohair amino acid profile allowed for the determination of the amount
of each amino acid in the mohair, which was used to estimate the
percentage of infused amino acids retained.

bAssuming that infused Met was used as source of Cys.

Discussion

Utilization of Amino Acids and Dipeptides

Higher mohair fiber growth during infusion of dipep-
tides or free amino acid infusion (Phase 2) than during
saline infusion (Phase 1 and 3) indicates a positive effect
of amino acids, in the peptide or free form, on mohair
fiber growth. Puchala et al. (1995) and Pierzynowski
et al. (1997), using the skin perfusion technique, also
demonstrated that infusion of Met, Lys, and Leu, either
free or as peptides, increased mohair fiber growth. Like-
wise, Sahlu and Fernandez (1992) increased mohair
fiber production by Angora goats by intraperitoneal in-
fusion of Met and concluded that Met supply was
limiting.

Infusions with dipeptides and free amino acids in-
creased mohair fiber growth by 25% relative to growth
in Phases 1 and 3 with saline. Smaller increases were
noted by Puchala et al. (1995; 16%) with infusion of
free amino acids (Met, Lys, Leu) and Pierzynowski et
al. (1997; 17%) with dipeptides. A greater magnitude

Table 4. Characteristics of blood from the superficial branches of the deep circumflex
iliac veins during infusion of dipeptides or free amino acidsa

Infusionb

Item Dipeptides Free amino acids SE P <

Blood flow, mL/min 23.5 23.5 2.1 0.99
Oxygen saturation, % 70.0 70.3 0.8 0.82
Hemoglobin, g% 11.1 11.2 0.3 0.97
Packed cell volume, % 22.4 22.3 0.4 0.96
Glucose, mg/dL 60.8 60.9 1.2 0.94
Urea N, mg/dL 7.9 8.1 0.2 0.51
Insulin, �IU/mL 20.8 21.1 0.5 0.76
Triiodothyronine, ng/dL 241.6 242.9 13.3 0.94
Thyroxine, �g/dL 6.3 6.3 0.3 0.93

an = 7. Least squares means.
bDipeptides: 0.85 mg/h Met-Leu and 0.85 mg/h Lys-Leu in 2.4 mL saline. Free amino acids: 0.474 mg/h

Lys, 0.483 mg/h Met, and 0.743 mg/h Leu in 2.4 mL saline.

of change in the present experiment could relate to
greater mohair growth rates. Sahlu and Fernandez
(1992) with intraperitoneal infusion of Met observed
only a 5% increase in mohair fiber growth, perhaps
because of effects on whole-body amino acid metabolism
relative to the local effects with the skin perfusion
technique.

Results of this experiment indicate that amino acids
in peptides can be used for mohair fiber production
with similar efficiency as amino acids in the free form,
suggesting efficient dipeptide hydrolysis. Morever, a
number of human studies have indicated that infused
peptides can serve as sources of amino acids (Furst and
Stehle, 1993; Vazquez et al., 1993). The short half-life
(about 3 min) of Ala-Cys, Gly-Cys, and Ala-Gln noted
by Albers et al. (1988) and Furst et al. (1989) suggests
hydrolysis by soluble and(or) plasma membrane-bound
peptidases. Backwell et al. (1994) showed similar in
vivo utilization of amino acids from Gly-[13C]Phe and
Gly-[13C]Leu by lactating dairy goats and postulated
hydrolysis by either the mammary cell surface or red
blood cell hydrolases followed by uptake of liberated
amino acids by the mammary gland.

The much lower retention of infused Met in mohair
fiber protein than of Lys and Leu may be due its rela-
tively low concentration in mohair fiber. However, it is
known that Met is an important regulator of amino acid
metabolism (Puchala et al., 1997), stimulating uptake
of other amino acids (Puchala et al., 1995). Methionine
after transulfuration can be also used as a source of
Cys. Souri et al. (1998) reported that transulfuration
occurred in isolated mohair follicles and that its rate
was regulated by negative feedback mechanisms. In
the present experiment, the presence of transulfuration
in mohair follicles was indicated by high uptake of Met
in the perfused area of the skin that exceeded the
amount of Met retained in mohair fiber, and also by
relatively low uptake of Cys that was lower than the
amount retained in mohair fiber. It is also known that
transport mechanisms in mammalian tissues across
membranes are different for Cys and Met (Bender,
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Table 5. Differences in plasma amino acid
concentration between the carotid artery and

the superficial branches of the deep circumflex
iliac vein during dipeptide or amino acid infusiona

Infusionb

Amino acid Dipeptides Free amino acids SE P <

�mol\L

Methionine 4.36 6.30 1.21 0.28
Cysteine 3.35 3.93 0.62 0.65
Lysine 3.92 3.38 1.07 0.73
Phenylalanine 1.69 1.93 0.46 0.82
Valine 4.75 5.57 1.93 0.77
Isoleucine 0.98 2.43 0.63 0.54
Leucine 3.38 3.74 1.24 0.84
Threonine 2.36 4.34 1.76 0.45
Arginine 8.97 16.30 2.80 0.11
Glutamic acid 6.35 9.58 1.22 0.13
Serine 6.18 3.40 1.24 0.16
Glycine 23.75 24.26 7.92 0.96
Alanine −26.94 −17.59 8.75 0.48
Tyrosine 2.04 1.93 0.91 0.65

an = 7. Least squares means.
bDipeptides: 0.85 mg/h Met-Leu and 0.85 mg/h Lys-Leu in 2.4 mL

saline. Free amino acids: 0.474 mg/h Lys, 0.483 mg/h Met, and 0.743
mg/h Leu in 2.4 mL saline.

1984); therefore, Cys and Met uptake can be individu-
ally controlled to allow adequate supplies of both amino
acids for particular tissue needs. With approximately
10 times more Cys than Met in mohair fiber protein
and a blood Cys concentration only twice that of Met,
it appears that both processes, effective extraction of
Cys from blood and Met transulfuration, may be used

Table 6. Amino acid profile of mohair fibera

Phaseb

Amino acid 1 (Saline) 2 (Amino acids) 3 (Saline) SE

molar %

Methionine 1.11 1.08 1.12 0.07
Cysteine 11.60 11.67 11.74 0.34
Lysine 2.76 2.82 2.69 0.10
Phenylalanine 2.55 2.51 2.46 0.16
Valine 5.25 5.16 5.19 0.53
Isoleucine 2.92 2.84 2.88 0.09
Leucine 6.93 6.80 6.89 0.18
Threonine 6.20 6.25 6.22 0.16
Arginine 7.10 7.11 7.14 0.09
Histidine 0.94 0.94 0.94 0.03
Asparatic acid 7.16 7.17 7.14 0.21
Glutamic acid 12.66 12.56 12.51 0.24
Serine 10.38 10.53 10.49 0.17
Glycine 6.43 6.61 6.58 0.18
Alanine 5.72 5.62 5.68 0.11
Tyrosine 2.83 2.91 3.01 0.17
Proline 7.46 7.37 7.32 0.33

an = 7. Least squares means.
bMean of values for infusion of dipeptides (0.85 mg/h Met-Leu and

0.85 mg/h Lys-Leu in 2.4 mL saline) and amino acids (0.474 mg/h
Lys, 0.483 mg/h Met, and 0.743 mg/h Leu in 2.4 mL saline) or saline
to both sides of the goat.

Table 7. Amino acid uptake/release during Phase 2
and average amounts of amino acids

retained in mohair fibera

Amino Acid Uptake/releaseb Retained in mohair Ratio

�mol\h

Methionine 7.51 0.54 13.92
Cysteine 5.13 5.88 0.87
Lysine 5.15 1.42 3.62
Phenylalanine 2.55 1.26 2.03
Valine 7.28 2.60 2.79
Isoleucine 2.40 1.43 1.68
Leucine 5.02 3.42 1.46
Threonine 4.72 3.15 1.49
Arginine 17.81 3.58 4.97
Glutamic acid 11.23 6.40 1.75
Serine 6.75 5.22 1.29
Glycine 33.85 3.33 10.16
Alanine −31.39 2.86 −10.97
Tyrosine 2.79 1.46 1.91

an = 7. Least squares means.
bNet flux was calculated using means of values for infusion of

dipeptides (0.85 mg/h Met-Leu and 0.85 mg/h Lys-Leu in 2.4 mL
saline) and amino acids (0.474 mg/h Lys, 0.483 mg/h Met, and 0.743
mg/h Leu in 2.4 mL saline). Quantities of amino acids retained in
mohair were calculated from average mohair fiber growth and the
mohair amino acid profile for Phase 2. Uptake or release (positive
values indicate uptake and negative values release) was divided by
retention of amino acids in mohair to yield a ratio of uptake or release.

to deliver a sufficient amount of sulfur amino acids for
mohair fiber production.

In contrast to findings in the present experiment, Pan
et al. (1996) found that many Met-containing peptides
were superior to free Met in supporting protein accre-
tion by in vitro cultured myogenic and mammary epi-
thelial cells. One possible explanation for this disparity
is that dipeptides with Met at the C-terminus were
used in the present experiment. Pan et al. (1996) noted
that dipeptides with Met at the N-terminus promoted
greater protein accretion than dipeptides with Met at
the C-terminus, which may be due a greater affinity
for hydrolases to peptides with Met at the N-terminus.
It is also known that there are special transport systems
for di- and tripeptides (Payne et al., 2000), which may
have contributed to the greater effect on protein accre-
tion of small peptides in the Pan et al. (1996) in vitro
study.

The similarity in effects on mohair fiber growth of
dipeptides and free amino acids, along with similar
blood metabolite concentrations, do not indicate regula-
tory effects of dipeptides as suggested by in vitro work
of Marugg et al. (1995). This may be because the dipep-
tides used lacked biological activity of long peptides
(Choung and Chamberlain 1995a,b).

Mohair Characteristics

Infusion with dipeptides and amino acids increased
mohair fiber length by 20% compared with saline infu-
sion. Similarly, local amino acid infusion increased mo-
hair length growth by 6% (Puchala et al., 1995), and a
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13% change was noted with local infusion of dipeptides
(Pierzynowski et al., 1997). Sahlu and Fernandez (1992)
also observed an increase in mohair length growth (9%)
as result of intraperitoneal administration of Lys and
Met. The lack of effect of amino acid or dipeptide infu-
sion on fiber diameter in the present experiment may
relate to an increased supply of amino acids for fiber
growth (Met, Lys). Reis et al. (1990) found that omission
of Met from dietary amino acids supplements reduced
wool growth in Merino sheep by decreasing both fiber
length growth rate and diameter. Increased mohair
length growth without change in fiber diameter is desir-
able because the price for mohair fiber is negatively
correlated with diameter.

Blood Metabolites

In accordance with the similar effect on mohair fiber
growth of dipeptides and free amino acids, blood flow
to the perfused region was comparable. Observed blood
flows are similar to those reported by Harris et al. (1993)
with Romney sheep but lower than those observed by
Pierzynowski et al. (1994). The difference between our
values and those of Pierzynowski et al. (1994) may be
due to differences in conditions such as BW, mohair
growth rate, season, level of feed intake, and diet com-
position. Webb et al. (1993) suggested that the energy
cost of peptide incorporation into protein may be lower
than with free amino acids; however, no differences in
venous blood concentrations of glucose, insulin, thyroid
hormones, or hemoglobin oxygen saturation suggest
that energy utilization was not influenced by amino
acid form. The absence of differences among phases
and between infusion treatments in blood metabolite
concentrations suggest that both small peptides and
amino acids served as sources of amino acids in protein
synthesis for mohair fiber growth.

Implications

Supplying small peptides (methionine-leucine and ly-
sine-leucine) or their amino acids directly to the skin
equally increased mohair production compared with sa-
line. Similar blood concentrations of various hormones
and metabolites suggest that small peptides were uti-
lized by skin for mohair fiber growth via supplying free
amino acids for protein synthesis; however, the exact
mechanism of stimulation is unclear. In this regard,
significant amounts of cysteine used in mohair fiber
production may have arisen from transulfuration of in-
fused methionine. Future research should consider dif-
ferent types of peptides.
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