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Abstract

Raw or extruded pe@{sum sativumgv. Ballet) diets with or without supplementary amino acids were fed for 15 days to young growing

rats and the effects on tissue weights, liver and muscle protein metabolism and hormone levels monitored. Body weight gain, liver and
gastrocnemius muscle weights and protein contents were reduced and some key hormones altered when rats were fed unsupplemented r
pea diets. This appeared to be a result of amino acid deficiencies in the diet, the action of antinutritional factors and the refractory nature
of the reserve proteins and other seed components. However, this did not in itself improve the nutritional performance of the rats due to
the overriding effects of the amino acid deficiencies in the pea diets. After supplementation, extruded peas supported much higher rates ¢
growth and skeletal muscle deposition than did supplemented raw peas. Despite this, the weight gains remained less than achieved on a hi
quality control diet. Protein synthesis and degradation rates in skeletal muscles and total protein contents were similar to control values. The
lower growth rate did not appear to be due to impaired deposition of skeletal muscle. Deposition of other body components, possibly lipids,
may have been lowered by supplemented extruded pea diets. Liver protein levels were reduced in rats fed supplemented raw peas and blo«
corticosterone was elevated. In conclusion, extrusion treatment of peas in combination with amino acid supplementation appeared to abolis
the negative effects of peas on skeletal muscle deposition. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction factors are protease inhibitors and lectins [8]. Protease in-
hibitors exert their antinutritional effect by reducing or
Legumes and among them peas, play an important role inpreventing digestion of nutrients and possibly impairing
the traditional diets of many regions throughout the world. body metabolism, growth and health [9]. Lectin, by virtue of
Pea seeds are low in fat and are excellent sources of proteinits ability to bind to carbohydrate receptors of gut epithelial
dietary fiber and a variety of micronutrients and bioactive cells, not only interferes with nutrient absorption but may
compounds [1]. This nutrient composition meets the re- also be taken up systemically and affect hormone balance
quirements of the prudent diet, recommended for the pre-and lipid and muscle metabolism [10].
vention and treatment of chronic degenerative Western dis- As a protein source, most legumes do not meet the sulfur
eases [2]. Recent studies have shown that legumeamino acid requirements of humans and some animal spe-
consumption can have beneficial effects by lowering the cies. This could therefore compromise the efficiency with
incidence of certain cancers [3,4], protecting against osteo-which their proteins can be utilized and their health-pro-
porosis [5], lowering serum cholesterol [6] or reducing body moting value since sulfur amino acids have an important
lipid accumulation [7] among others. However, there are a role in antioxidant defense and immune systems and influ-
number of components in legumes that may exert a negativeence of genetic function [11]. This deficiency could be
effect on the nutritional quality of the proteins. Among these overcome by supplementing legume-based diets with sulfur
amino acids or plant materials rich in sulfur amino acids.
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processing technique [12,13]. This thermal processing pro-
cedure, which denatures and inactivates antinutritional fac-
tors and increases protein quality and availability, has be-
come one of the most popular processes developed by the
food and feed industry [14]. Extrusion treatment of dry
beans is relatively new and provides an economically and
convenient alternative to cooking and canning [15,16].

The aims of the present study were to investigate in
feeding trials with rats the effects of diets based on raw or
extruded peas with or without supplementary amino acids
on: 1) organ growth, 2) the fractional rates of protein syn-
thesis (kg), degradation (ky), and accretion (kg) in liver and
hindlimb muscles and 3) blood hormones.

2. Material and methods

2.1. Legume flour and processing

Pea seeds (Pisum sativum L. cv. Ballet) cultivated in
Navarra (Spain), were used for al studies. Peas were finely
ground (0.5 mm) and extrusion cooking was performed in a
Clextra X-5 model BC 45 twin-screw extruder (F-42100
Firminy, France). The extrusion temperature at the outlet
die was 145°C. The moisture content in the extruder barrel
was constant at 25%. The extruder was operated at 100 rpm
and the feeder was set to deliver 21.5 kg h*. The extrudates
were alowed to cool to room temperature, re-ground to pass
a 0.5 mm sieve and then stored at 4°C until analysis. All
chemicals and reagents were purchased from Aldrich
Chemical Co. Inc. (Milwaukee, WI, USA) and Sigma
Chemical Co. (St. Louis, MO, USA).

2.2. Chemical analysis

For assessment of enzyme inhibitor levels, appropriate
dilutions of seed extracts were incubated with a known
amount of trypsin, chymotrypsin or a-amylase to allow
formation of the enzyme-inhibitor complex. Residual en-
zyme activity was then determined using the appropriate
substrate for the enzymes. Trypsin inhibitors were deter-
mined using a-N-benzoyl-DL -arginine-p-nitroanilidehydro-
chloride (BAPNA) as substrate [17]. Chymotrypsin inhibi-
tors were analyzed using benzoyl-L-tyrosine ethylester
(BTEE) as substrate [18]. a-amylase inhibitor activity was
assessed using starch as substrate [19].

Hemagglutination assays were carried out by a seria
dilution method using trypsin-treated rabbit erythrocytes
[17]. One unit of hemagglutinating activity (HU) was
defined as that contained in the amount of sample in the
last dilution that caused 50% agglutination of the blood
cells.

Protein digestibility in vitro was determined in pea flour
suspensions (1 mg N ml™) using a multienzyme system
consisting of 1.6 mg trypsin (14,600 U mg™*), 3.1 mg a-chy-

Table 1
Composition of the diets

Ingredient (g kg™?) Diet

Casein control Raw peas Extruded peas

Casein 131.0 — —

Raw peas meal — 569.7 —

Extruded peas meal — — 560.1
Corn starch 605.2 335.1 3333
Sucrose 114.3 24.3 23.7
Olive ail 70.0 65.2 65.2
Cellulose 50.0 311 29.6
Mineral mix* 35.0 35.0 35.0
Vitamin mix" 10.0 10.0 10.0
L-Cys 3.0 — —

Choline 25 25 25
Protein (g kg™ %) 110.0 110.0 110.0
IVPD 930.0 750.0 802.0
IVSD — 245.0 296.0
Energy (MJ kg™ 174 16.5 16.5

* Amount in diet (mg kg™%): Ca, 5000; P, 1561; K, 3600; Na, 1019; CI,
1571; S, 300; Mg, 507; Fe, 35; Cu, 6.0; Mn, 10.0; Zn, 30.0; Cr, 1.0; K, 0.2;
Se, 0.15; F, 1.0; B, 0.5; Mo, 0.15; Si, 5.0; Ni, 0.5; Li, 0.1; V, 0.1.

T Amount in diet (mg kg™2): thiamine, 6; riboflavin, 6; pyridoxine, 7
niacin, 30; calcium pantothenate, 16; folic acid, 2; biotin, 0.2; vit. By,
0.025; vit. A, 8; vit. E, 0.15; vit. D5, 1000 I.U.; vit. K, 0.75.

IVPD In vitro protein digestibility; IVSD In vitro starch digestibility.

motrypsin (48 U mg') and 1.3 mg peptidase (102 U g})
[20]. Starch digestibility in vitro was determined in flours
suspensions (50 mg ml™ of 0.2 M phosphate buffer, pH 6.9)
using 0.5 ml of pancreatic amylase (1260 U mg™) suspen-
sion (0.4 mg ml™ of 0.2 M phosphate buffer, pH 6.9) [21].

2.3. Animals and diets

Male rats of the Wistar Han (Charles River) strain were
weaned at 19 days of age and given a stock diet (Harlan
Teklad, Madison, Wisconsin) for 7 days. Rats matched by
weight (85.0 = 1.1 g), were housed individually in polypro-
pylene and stainless steel metabolism cages.

Rats were adapted by giving them a casein control diet
for 3 days and then fed for 15 days with test or control diets
(Table 1). The rats were housed under controlled conditions
of room temperature (22 = 1°C), relative humidity (50 =
5%), ventilation (at least 15 complete changes of air h'),
and artificial light-dark cycle (12 h light/dark period). Water
was freely available at all times. Total protein (N X 6.25) in
casein, pea flours and diets was determined by a Kjeldahl
procedure [22].

In the first experiment, forty rats were divided into 4
groups of 10 animals. Two groups were given free access to
raw or extruded pea diet. The remaining groups were given
casein (control) and were pair-fed to the daily intake of rats
given either raw or extruded pea diet. In the second exper-
iment, thirty rats were divided into 3 groups. Two groups
had free access to raw or extruded pea diets that had been
supplemented with amino acids to the target requirements



R. Alonso et al. / Journal of Nutritional Biochemistry 13 (2002) 611-618 613

Table 2
Body weight gain and food intake
Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP C EP sD C SRP SEP sb
Weight gain, g 60.6° 44.6° 67.72 46.1° 21 125.8° 91.5° 110.3° 34
Food intake, g 158.5° 158.9° 170.22 168.2% 3.0 270.6% 261.07 263.12 7.4
Gain/Feed, g/g 0.382 0.28" 0.40% 0.27° 0.10 0.472 0.35° 0.42° 0.07

* C, control (casein); RP, raw peas; EP, extruded peas, SRP, supplemented raw peas; SEP, supplemented extruded peas.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).

for rats and the control group was fed casein (control) diet.
Animal weights and food intakes were monitored daily.

2.4. Determination of liver and muscle k, ky and k,

The kg was determined by a flooding dose method [23]
with some modifications [24]. Ten rats per group were
intraperitoneally injected with 1 mI/100 g body weight of a
solution containing 1.84 MBg/ml of L-[ring-2,6—=H(N)]
phenylalanine (1702 GBg/mmol specific activity and 37.0
MBag/ml concentration) combined with unlabeled phenylal-
anineto reach afina concentration of 150 mM. Ten minutes
exactly after phenylalanine administration, rats were decap-
itated, and the trunk blood drained and collected. Liver and
gastrocnemius, soleus and extensor digitorum longus mus-
cles bilaterally excised, were weighed and frozen in liquid
nitrogen. Muscles weighing less than 50 mg were pooled
with their corresponding contralateral hindlimb from the
same animal. Organ and tissues were homogenized and the
phenylalanine specific radioactivity free and protein-bound
was determined [25]. The k,, expressed as percentage of
protein synthesized per day, was calculated from the fol-
lowing equation: kg = 100 - Sg/S, - t; where S, and S; are
the specific radioactivities of free and protein-bound phe-
nylalanine, respectively, and t is the incorporation time in
days.

The kg values were estimated from the variation of pro-
tein content at successive days. Three rats per group were
sacrificed for liver and muscle protein content determination
at days 13, 14, 16 and 17 of the experiment. The growth
rate, in grams of protein per day, was divided by the mean
protein mass at that time point and multiplied by 100 to
obtain the kg, expressed as percentage of protein per day.
The ky values were calculated from the relationship ky =
KsKg-

2.5. Protein, DNA and RNA analysis

Liver and muscles (100 mg) were homogenized in 10 ml
ice-cold bideionised water using an Ultraturrax blender at
24,000 rpm at 0°C. Subsequently, the homogenates were
diluted, and an aliquot taken for protein determination by
Bradford method [26]. The remainder was precipitated with

0.6 N perchloric acid at 0°C. The soluble supernatant was
discarded. Pellets were homogenized twice in 0.2 N per-
chloric acid and supernatants discarded. The residue was
solubilised in 0.3 N KOH and incubated at 37°C for 60 min,
and the protein and DNA was then precipitated by addition
of an equal volume of 0.2 N perchloric acid. The RNA
content of the supernatant was estimated by the orcinol
reaction [27]. The protein-DNA precipitate was resus-
pended in 0.8 N perchloric acid and heated at 90°C for 15
min. The DNA content of the supernatant was measured
using diphenilamine reagent [28].

2.6. Hormonal analysis

Plasma and serum were separated from the blood sam-
ples by centrifugation at 1,500 g for 10 min at 4°C and the
stored at —20°C. Glucagon in plasma was measured by
using a double-antibody radioimmunoassay kit (Diagnostic
Products). Intra- and interassay coefficients of variation
were 8.5 and 10.1%, respectively. Serum insulin was mea-
sured with a radicimmunoassay kit for rats (Amersham).
Intra- and interassay coefficients of variation were 4.7 and
9.7%, respectively. Serum thyroxine (T ,) and 3,5,3'-triiodo-
thyronine (T3) levels were estimated by using commercially
available RIA kits (CIS Bio International). Intra- and inter-
assay coefficients of variation were lower than 4 and 5%,
respectively. Serum testosterone was determined by using a
radioimmunoassay kit (Amersham). Intra- and interassay
coefficients of variation were 5.5 and 8.9%, respectively.
Serum corticosterone was estimated with a RIA kit vali-
dated for rodents (DRG Instruments). Intra- and interassay
coefficients of variation were 4.6 and 6.7%, respectively.

2.7. Satistical analysis

One-way analysis of variance (ANOVA), followed by
Fisher's least significant difference (LSD), was used to
determine the differences among treatments. Differences
were considered significant with a P value at the 5% level.
Computations were performed with the StatView/Apple
Macintosh version 4.01 non-FPU (Abacus Concepts, 1992—
1993) statistical package.
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Table 3

Relative organ and muscle weights

Organ or tissue Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP Cc EP D C SRP SEP D

Liver (g/100 g bw) 3.93 3.18° 3.67° 3.18° 0.12 3.55% 3.18% 3.38% 0.14

Gastrocnemius (mg/100 g bw) 5682 494P 566* 512° 15 539% 521° 5522 6

Tibialis anterior (mg/100 g bw) 2007 174P 1942 179° 5 1802 1802 1852 4

Soleus (mg/100 g bw) 442 422 462 452 2 43® 41° 462 2

Extensor digitorum longus (mg/ 462 422 452 432 2 432 422 47° 1

100 g bw)

* C, control (casein); RP, raw peas; EP, extruded peas, SRP, supplemented raw peas; SEP, supplemented extruded peas.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).

3. Reaults
3.1. Chemical analysis

Raw peas contained significant amounts of trypsin
(3.2 = 0.0 g/lkg) and chymotrypsin (2.6 = 0.2 g/kg) inhib-
itors and lectin (32 X 10% HU/kg) but no detectable levels
of a-amylase inhibitor. The protease inhibitors and lectin
were however completely inactivated or eliminated by ex-
trusion cooking. Protein digestibility in vitro (IVPD) of pea
flours was increased significantly (from 750 + | to 802 = |
g/kg, P < 0.01) by extrusion. However, even for extruded
peas the value remained lower than that for casein (930
g/kg). Starch digestibility in vitro (IVSD) was significantly
(P < 0.01) improved (from 245 = | t0 296 + 3 g/kg) as a
result of heat treatment.

3.2. Rat growth

Food conversion efficiency and growth by rats was sig-
nificantly reduced when raw peas provided the sole source
of protein in the diet (Table 2). Extrusion pre-treatment of
the seed meals led to a dight increase in food intake but no
improvement in weight gain or feed conversion efficiency.
Supplementation of diets based on raw or extruded peas
with individual amino acids [raw: Met, lle, His, Trp, Thr;

extruded: Met, lle, His, Trp, Val] up to the essential amino
acid requirements for rats greatly increased consumption of
these diets by rats. Indeed, intakes were similar to those of
rats given free access to control diet (Table 2). Food con-
version efficiencies and weight gains were also enhanced
(Table 2). However, while the changes in these parameters
were quite small for diets based on supplemented raw peas
(SRP), they were marked for the supplemented extruded pea
(SEP) diets. Thus, extrusion treatment did significantly im-
prove the nutritional quality of peas. However, these bene-
ficial changes were not apparent with unsupplemented ex-
truded peas due to the overwhelming effects essential amino
acid deficiencies on consumption and utilization of the seed
meals.

3.3. Organ weights

The relative (g/100 g body weight) wet weights of the
gastrocnemius and tibialis anterior hindlimb muscles (p =
0.05) and the liver (p = 0.01) were greatly decreased in rats
fed RP or EP (Table 3). Supplementation with amino acids
appeared to abolish the negative effects of pea diets on the
tibialis anterior muscles. Gastrocnemius muscle weights
remained low in rats given SRP but were close to control
values in rats fed SEP. Liver weights were also reduced by
SRP. However, unlike the gastrocnemius muscles, liver

Table 4
Protein turnover in gastrocnemius
Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP C EP SE C SRP SEP SE
Protein content (mg) 176.52 124.7° 177.32 126.4° 31 226.4% 207.2° 225.42 5.6
DNA (mg) 0.78% 0.70% 0.79% 0.70% 0.04 0.97% 0.98% 0.98% 0.06
RNA (mg) 1232 0.85° 1.262 0.83° 0.03 1.50% 1.28° 1.542 0.05
ks (% d™?) 14.0? 12.82 13.82 13.22 0.8 15.22 13.7° 14.82 04
kJRNA (g protein - gRNA, d~%) 20.32 18.9° 19.8* 20.32 17 23.1° 22.6° 22,07 13
kg (% d™1) 12.22 117 12.0? 12.0? 0.9 13.22 12.17 13.07 0.5
kg (% dad 18 1.1° 1.8 1.2° 0.1 212 17° 1.8%® 0.1

* C, control (casein); RP, raw peas; EP, extruded peas; SRP, supplemented raw peas; SEP, supplemented extruded peas.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).
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Table 5
Protein turnover in soleus muscle
Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP C EP SE C SRP SEP SE
Protein content (mg) 11.32 8.8° 11.72 9.2° 0.6 226.42 207.2° 225.42 5.6
DNA (mg) 0.132 0.122 0.13? 0.122 0.01 0.972 0.982 0.98° 0.06
RNA (mg) 0.142 0.132 0.14° 0.132 0.01 1.50° 1.28° 1.54° 0.05
ks (% - d™h) 16.22 14.8° 16.0% 15.2% 0.1 15.22 13.7° 14.8% 0.4
kJRNA (g protein - gRNA, d™2%) 25.62 16.5° 27.0% 17.7° 0.2 44.22 27.9° 35.3° 0.3
kg (% d™ %) 11.72 11.0° 11.4% 11.1° 0.2 11.42 11.12 11.32 0.2
ky (% d™%) 452 3.8° 4.6% 4.1® 0.2 4.8 4.6% 4.8% 0.2

* C, control (casein); RP, raw peas,; EP, extruded peas; SRP, supplemented raw peas; SEP, supplemented extruded peas.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).

weights were not fully restored to control levels when rats
were given SEP. Soleus and extensor digitorum longus
muscle wet weights did not appear to be consistently af-
fected by pea-based diets.

3.4. Muscle and liver composition and protein turnover

Gastrocnemius muscles of rats given RP or EP contained
around 30% less protein and RNA than comparable control
muscles (Table 4). DNA levels did not however differ
between the test and control groups. Protein accretion (kg)
rates were lowered (about 0.6—0.7%/day less than control
values) in both test groups and k, was also slightly, although
not significantly, reduced. There was little difference be-
tween RP and EP in their effects on these muscles.

Supplementation of raw or extruded pea diets with indi-
vidua amino acids led to an increase in the protein and
RNA in gastrocnemius muscles and higher rates of protein
accretion (ky) and synthesis (kg (Table 4). However, sig-
nificant differencesin the effects of SRP and SEP were now
evident. Thus, while protein, RNA, k, and K, in gastrocne-
mius muscles remained below control values with rats fed
SRP, these parameters were higher and generally similar to
control levels with rats fed SEP.

Pea diets appeared, in part, to affect soleus and extensor

digitorum longus musclesin a manner similar to that seenin
the gastrocnemius muscles. Thus, protein levels, Kg and K
were reduced when RP, EP or SRP diets were fed to rats but
these parameters were close to control values when rats
were given SEP (Tables 5-6). Nonetheless, unlike with the
gastrocnemius muscles, protein degradation rates (Kg) in
extensor digitorum longus muscles were also dlightly re-
duced by RP, EP or SRP. In addition, RNA levels in ex-
tensor digitorum longus and soleus muscles were unaltered
by pea-based diets.

RP and EP diets both affected liver composition and
protein turnover in asimilar manner (Table 7). Livers from
rats fed RP or EP contained considerably less protein, RNA
and DNA (around 30—36% lessin total) than did livers from
control animals. The protein accretion (kg) rates were also
greatly reduced (between 1.6-—2.0%/day less). However,
protein synthesis (ko) and degradation (K) in the liver were
high (>50%/day) and did not seem to be significantly al-
tered by RP or EP diet.

Liver protein, RNA and DNA levels were elevated in al
rats fed supplemented pea or control diet ad libitum (Table
7). The increases were however less marked in rats given
SRP or SEP. Thus, livers from these animals contained less
(around 14-24%) protein and RNA than livers from con-
trols. The DNA contents also tended to be lower as did liver

Table 6
Protein turnover in extensor digitorum longus muscle
Diets (expt 1)* Pooled Diets (expt 2) Pooled
c RP C EP SE C SRP SEP SE
Protein content (mg) 15.0° 12.1° 15.22 12.1° 0.6 19.8° 16.4° 18.6° 0.71
DNA (mg) 0.122 0.10% 0.112 0.122 0.01 0.142 0.142 0.142 0.01
RNA (mg) 0.122 0.112 0.132 0.112 0.01 0.15% 0.132 0.15% 0.01
Ko (% -d™Y 12.3° 8.0° 12.22 8.5° 0.2 14.9° 12.7° 14.4° 0.4
kJRNA (g protein - gRNA, d™%) 15.12 9.3° 14.92 9.8° 05 20.0% 15.8° 18.72 0.8
kg (% d™) 10.62 6.7° 10.42 7.1° 0.2 13.12 11.2° 12.72 0.4
kg (%0d™Y) 172 1.3° 1.8 1.4° 0.1 1.8 1.5° 1.8 0.1

* C, control (casein); RP, raw peas, RP, raw peas; EP, extruded peas; SRP, supplemented raw peas; SEP, supplemented extruded pess.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).
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Table 7
Protein turnover in liver
Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP C EP SE C SRP SEP SE
Protein content (mg) 1.06% 0.75° 1.072 0.79° 0.04 1.322 1.00° 1.07° 0.06
DNA (mg) 28.70° 19.59° 28.712 19.75° 157 40.212 34.26% 36.25° 255
RNA (mg) 43.20% 27.707 43342 28.27° 2.67 52.922 43.56° 46.35° 1.23
ke (%-d™h 58.0% 58.6% 57.77 58.12 20 53.6% 55.12 54.12 1.4
kJRNA (g protein - gRNA, d™ %) 14.12 16.0? 14.07 16.12 07 1357 12.9° 12.5° 0.7
kg (% d™ %) 53.52 56.22 53.3° 54.32 2.0 48.8% 51.22 49.72 1.4
ky (% d™%) 4.42 2.4° 4.42 2.8° 0.2 4.8 3.9° 4.4® 0.2

* C, control (casein); RP, raw peas, RP, raw peas; EP, extruded peas; SRP, supplemented raw peas; SEP, supplemented extruded pess.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).

kg In contrast, kg and ky did not appear to be altered by SRP
or SEP. Again, there was little difference between the raw
or heat-treated pea diets in their effects on the liver even
after supplementation with amino acids.

3.5. Hormones

Glucagon levels in blood were dightly increased in rats
fed RP or EP (Table 8). None of the other hormones ana-
lyzed were consistently affected by these diets although
triiodotyronine was increased with RP and tetrai odotyronine
by EP. There were no differences in glucagon, insulin,
tetraiodotyronine and testosterone blood concentration be-
tween rats given free access to SRP, SEP or control diet
(Table 8). However, triiodotyronine levels were dlightly
increased when rats were fed SRP and corticosterone was
elevated in rats given SRP or SEP.

Blood corticosterone was high in control rats given a
regulated amount of food daily and testosterone was low
(Table 8). Thus, dietary intake restriction significantly af-
fected the circulating levels of both of these hormones.
None of the other hormones studied appeared to be signif-
icantly altered by intake restriction.

4, Discussion

Raw pea proteins were poorly utilized by rats. This
appeared to be due to a combination of factors including
amino acid deficiencies, the presence of anti-nutritional
compounds and possibly the refractory nature of the reserve
proteins and other seed constituents such as starch. Heat-
treatment of the peas inactivated or eliminated the major
anti-nutritional factors (lectins and enzyme inhibitors) from
the seeds and greatly increased protein and starch digest-
ibility in vitro as with other seeds [17,29,30]. However, this
did not appear to lead to any significant improvement in the
efficiency with which the peas were utilized in vivo. This
was due to amino acid deficiencies, primarily in the sulfur
amino acids, in the pea diets that had major and overriding
effects on utilization of both raw and heat-treated pea pro-
teins. Once these deficiencies had been eliminated, by sup-
plementation of the pea dietswith individual amino acids up
to the target requirements for rats, free intake of pea diets
was increased by approximately 65% and weight gain on
pea diets by about 105% (raw) and 140% (extruded) respec-
tively. Heat-treatment did therefore improve pea protein
availability in vivo. However, the improvements were mod-
erate compared to those achieved through supplementation

Table 8
Hormone levels
Diets (expt 1)* Pooled Diets (expt 2) Pooled
C RP C EP SE C SRP SEP SE
Glucagon (pg/ml) 106.0° 129.0°7 104.1° 121.7° 49 98.3% 103.07 99.0° 43
Insuline (uU/ml) 7.5 6.4° 7.5° 6.6 05 7.5 6.5° 6.9 0.3
Triiodotyronine (ng/ml) 1.10° 1.382 1.13° 1.23° 0.06 0.98° 1182 1.00° 0.07
Tetraiodotyronine (ng/ml) 5.23° 5.80° 5.25° 6.10% 0.24 5.582 5.03% 5.432 0.25
Testosterone (ng/ml) 0.412 0.312 0.422 0.35% 0.05 0.642 0.50% 0.612 0.06
Corticosterone (ng/ml) 32452 358.32 320.0? 355.12 20.4 213.32 304.2° 282.6° 193

* C, control (casein); RP, raw peas; EP, extruded peas; SRP, supplemented raw peas; SEP, supplemented extruded peas.
Statistical comparisons were done separately for experiments 1 and 2. For each experiment, means in a row with different superscripts differ significantly

(p = 0.01).
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of pea diets with essential amino acids alone. This is con-
sistent with previous findings [11].

Muscle protein synthesis and deposition were greatly
reduced if rats were fed either raw or extruded peas. This
was primarily due to the amino acid deficienciesin the diets
since both parameters were greatly elevated after supple-
mentation of the pea diets with individual amino acids up to
the target profile for rats. However, rates of muscle protein
synthesis and total muscle protein content in rats fed sup-
plemented raw peas remained lower than for controls given
free access to a high quality diet. Thisimpairment may have
been due to reduced nutrient availability [1] to the muscles
as aresult of interference with gut and systemic metabolism
by antinutritional factors [9,10] and poor digestion of re-
serve proteins and other seed components due to their re-
fractory nature.

Extrusion treatment of peas in combination with supple-
mentation with amino acids (SEP) appeared to abolish the
negative effects of peas on skeletal muscle deposition. Thus,
protein synthesis (K ) rates and protein content in gastroc-
nemius and extensor digitorum longus muscles from rats fed
supplemented extruded peas were similar to control levels.
These parameters were also greatly enhanced in soleus
muscles of rats fed SEP. Despite these improvements in
muscle deposition, body weight gains by rats fed SEP were
still lower (+7.4 = 0.2 g/day) compared to that of control
animals (+8.4 g/day). Assuming skeletal muscle to be 152
o/kg body wet weight [31], SEP-fed rats should have gained
16.8 g skeletal muscle over the study (+1.1 g/day) while
controls should have deposited 19.0 g (+1.3 g/day). Over-
all, the data suggests that poorer than expected weight gains
by SEP-fed rats are not due to reduced deposition of skeletal
muscle. Although the relative weights of muscle from rats
fed SEP did not statistically differ from controls, the means
for al the muscles studied were higher in rats fed SEP than
in controls. Thiswould be consistent with accretion of other
body components being impaired slightly more than muscle
deposition. For example, if lipid deposition is reduced,
muscle weight as a proportion of body weight increases
[32]. Muscle K was decreased in fasted chickens previ-
oudly fed on the soya-bean diet unsupplemented with lysine
or methionine [33]. Administration of leucine alone induced
a decrease in the rate of myofibrillar degradation, whereas
the serum insuline concentration was constant [34].

Liver protein accretion (K,) and protein content were
also adversely affected by peadiets. Supplementation of pea
diets with amino acids increased both liver K, and protein
content. Nonethel ess, the values remained well below those
obtained for control livers. In addition, unlike for muscle
metabolism, extrusion treatment of the peas did not appear
to lead to an increase in liver protein content. The reasons
for this remain unclear. However, the liver was very meta-
bolically active with high protein turnover rates (K approx-
imately 54%/day and k4 around 50%/day), whereas turnover
rates in muscle were much slower (K approximately 15%/
day and kg around 12%/day). Protein availability in vitro

was greatly improved by extrusion treatment of peas but
remained slightly below that for a high quality protein, such
as casein. Because of its high demand for amino acids to
support turnover, it is possible that the liver was more
severely affected by a dlight short-fall in protein availability
than skeletal muscle where protein turnover was much
slower.

A number of hormones were affected by inclusion of raw
or extruded peasin the diet. However, with the exception of
triiodotyronine (SRP diet) and corticosterone (SRP and SEP
diets), these treatment differences were abolished after sup-
plementation of raw or extruded pea diets with amino acids.
Blood corticosterone levels remained high in rats fed SEP
compared to those in controls. This did not appear to be a
stress response to restriction of food intake. However, if
nutrient availability from SEP is dlightly below optimal, it
may be a response to a cumulative short-fall in nutrients.
Alternatively, it may have been triggered by heat-stable
bioactive factors [35] in the pea diet.

Very high levels of corticosterone lead to a catabolic
state where breakdown of body reserves can occur [36,37].
SEP caused a small increase in circulating corticosterone
that may have been enough to dlightly reduce accretion of
lipid and glycogen reserves without affecting muscle dep-
osition thereby dowing weight gain by the animals. In
addition, because of the high protein turnover in the liver,
elevated corticosterone may have been sufficient to interfere
with protein deposition in that tissue.

In summary, muscle protein synthesis and deposition
were greatly reduced if animal were fed either raw or
extruded peas. Protein synthesis, rate, availability and pro-
tein content in muscles from rats fed supplemented extruded
peas were similar to control levels. The rat model has shown
that extrusion improved protein synthesis rate. Consump-
tion of these extruded legumes, incorporated in the diet, will
be beneficial to protein metabolism and hormonal levels.
These beneficial effects may improve the nutritional status
among populations who consume diets rich in legumes.
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