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A B S T R A C T

Thirty lambs were used to assess the influence of cooking methods on the nutritional composition of

Spanish light lamb. With this aim, the left legs without shank, deboned and untrimmed of any adipose

tissue, were analyzed raw. The right legs were analyzed after undertaking one of three cooking

procedures: stewing, grilling or roasting. All cooking procedures increased the percentage of fat

compared to the raw meat (9.6%), for equivalent sample quantities. This increment was mainly due to the

increase in dry matter, from 28.5% in the raw product to 41.6% in roasted or stewed meat, caused by the

water losses during cooking. Stewing caused the highest increase in fat, possibly due to fat absorption

from the ingredients used in the recipe. This implied an extraordinary increment on the percentage of

linoleic acid increasing from 5% to 11% of total fatty acids. n-3 fatty acids were less affected by cooking

than n-6 fatty acids. Stewing could improve the fat quality according to cardiovascular indices, although

the excess levels of fat should be taken into account. Moreover, cooking also caused the disappearance of

B-vitamins to a higher extent than minerals, when expressed on a dry-matter basis. The composition of

roasted or grilled lamb was very similar, even when cooking time was very different.

� 2013 Elsevier Inc. All rights reserved.
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1. Introduction

The consumption of red meat has traditionally been associated
with diets with high content of saturated fats (Ursin et al., 1993);
therefore, it has been suggested to reduce their intake in order to
prevent cardiovascular disease, which is a major cause of mortality
in developed countries (Salter, 2013). Nevertheless, the relation
between red meat intake and cardiovascular risk is unclear in
many studies (McAfee et al., 2010). Also the consumption of animal
products has been associated with chronic illnesses such as obesity
(Lin et al., 2011). The excessive intake of calories and sedentary life
have been considered as the main cause of overweight (Hill and
Melanson, 1999; WHO, 2004) although there are more factors
involved, among them, fat intake and food consumption habits
(Moreno and Rodrı́guez, 2007).

Lamb consumption in Spain has decreased from 6.4 kg/per
capita in 1990 to 2.2 kg/per capita in 2011 (MARM, 2011). This
decrease might be indirectly related to the beliefs about the
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contribution of red meat to the total fat intake, since dietary
guidelines recommend a reduction in the consumption of fat,
particularly saturated fat that should contribute as low as possible
within recommended guidelines, approximately less than 7% to
the total energy intake (EFSA, 2010; NCEP, 2002). However, lamb is
rich in other micronutrients, such as vitamins and minerals, whose
intake is also affected by the decreased in meat consumption as a
result of the reduction in fat intake. Nonetheless, consumption of
lean red meat (lamb) or lean white meat (chicken) as part of the
usual diet has been associated with a similar lipid response
(Mateo-Gallego et al., 2012).

However, the intake recommendations in Spain are based on
incomplete data, mainly from animals from different husbandry
systems or references from raw samples, while red meat is usually
consumed cooked. There are competing needs for the available
resources to re-analyze old food data (Pennington, 2008).
Production factors, such as breed, age, feeding system or food
composition, have been shown as important constituents in the
fatty acid composition of lamb (Enser et al., 1998; Sañudo et al.,
2000) or mineral (Pieta and Patkowski, 2009). The interaction
between the raw ingredients and the cooking procedure has,
however, not been studied in depth, even though heat treatment

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfca.2013.05.010&domain=pdf
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has a significant impact on the composition and physicochemical
characteristics of the final food (Ratnajothi, 2010). In the case of
lamb, the different cooking methods may alter the nutritional
composition, meaning that the more transformation the meat
undergoes, the more modified its nutritional status (Rechcigl,
1986).

The aim of this study was to assess the influence of three
common cooking procedures, under similar conditions that
consumers use at home, on the fatty acid composition of a
commercial cut, such as the leg, of the most consumed type of lamb
in Spain (light lamb reared on concentrates).

2. Materials and methods

2.1. Materials

All reagents were of analytical grade (Panreac, Barcelona, Spain)
and deionized water, supplied by a Milli-Q Water System
(Millipore Corp., Billerica, MA, USA), was used throughout. For
fatty acid analysis, methyl nonadecanoate �99.5% was used as
internal standard (Sigma–Aldrich, Buchs, Switzerland). Nitric acid
�65% (Merck, Darmstadt, Germany) was employed to digest the
samples for mineral analysis and to prepare all standard solutions.
Standard solutions of Fe and Zn were prepared by appropriated
dilution of 1000 mg L�1 stock solutions (Servicio Central de
Análisis, Universidad de Zaragoza, Spain). For B vitamin analysis
the following standards from Sigma–Aldrich (Buchs, Switzerland)
were used: cianocobalamin �98%, riboflavin �98% and niacin
�99%.

2.2. Sampling

Thirty lambs, with 9.93 � 0.60 kg of cold carcass weight,
belonging to the label ‘Ternasco de Aragon’ Protected Geographical
indication, were randomly selected 24 h after slaughtering at an EU-
licensed abattoir. Their husbandry conditions included weaning at
around 40 days of age and concentrate-based diet plus cereal straw ad
libitum until slaughtering, under three months of age. This product
represents two-thirds of the lamb production in Spain (MARM, 2011).
Both legs were obtained following commercial procedures. The shank
from each leg was discharged and the rest of the leg, untrimmed of
surface adipose tissue, was individually vacuum packaged and kept at
2–4 8C in darkness for 4 days of ageing. In order to analyze the
composition of the raw product, the left leg from each animal was
deboned, cut into pieces and all muscles, together with connective
tissue, intermuscular and subcutaneous fats were minced in a cutter
SAMMIC-SK3 at 1700 rpm for 30 s. Then, a homogeneous sample per
analysis was taken, vacuum packaged, immediately frozen and kept
at �18 8C until analyzed.

2.3. Cooking procedure

The right legs were randomly assigned to one of three cooking
procedures: grilling, stewing and roasting. The recipes were
developed by the students of a local cooking school, adapted to
the project, based on traditional recipes in the region. Legs were
deboned prior to cooking. Legs used for grilling were sliced into
1 cm-thick steaks 2 h before cooking. Grilling was performed on an
industrial single-plate grill at 200 8C with 10 mL virgin olive oil for
all the steaks, which were turned over after 30 s and kept for
approximately 1 extra min until reaching 75 8C internal tempera-
ture, measured with a Jenway thermometer with a penetration
probe. The legs to be stewed were cut into pieces, placed
individually on a stainless-steel pan, simmered with 10 mL virgin
olive oil, 250 mL water and 30 g ground almonds, covered with a
lid and kept on a cooker at 180 8C for approximately 1 h 15 min
until reaching an internal temperature of 75 8C. The legs to be
roasted were individually placed on a stainless-steel baking tray,
covered with 10 mL virgin olive oil and cooked in a gas oven at
200 8C for approximately 1 h 15 min, turning once, until reaching
75 8C internal temperature. All cooked samples were sprinkled
with common salt prior to cooking. Fifteen min after cooking and
cooling, the meat was slightly shaken to remove excess juices or
any other ingredient, cut into small pieces in the case of the stewed
and roasted samples, and mixed and homogenized, as previously
explained for the raw samples. Then, a minced sample was vacuum
packaged for each analysis, frozen and kept at �18 8C until analysis
was performed.

2.4. Proximate analysis

After thawing, minced samples were homogenized again with a
mixer (Moulinex 320) prior to determination of dry matter (ISO,
1997), total fat (ISO, 1973), protein (ISO, 1978) with a conversion
factor of 6.25 and ash (ISO, 1998). All analyses were performed in
duplicate per animal.

2.5. Nutrient analyses

Fatty acids were extracted in chloroform:methanol (Bligh and
Dyer, 1959). Methyl esters were obtained with KOH in methanol
and analyzed by gas chromatography in a HP 6890 equipped with a
flame ionization detector and an automatic injection system (HP
7683), and fitted with a SP 2560 column (100 m � 0.25 mm �
0.20 mm) with N2 as a carrier gas and C19:0 as an internal standard.
Complete details can be checked elsewhere (Carrilho et al., 2009).

Minerals were extracted with acidic digestion by nitric acid
(Türkmen and Ciminli, 2007) and detection and quantification by
ICP-MS (PerkinElmer ELAN 6000). Vitamins were analyzed after
acid-enzymatic hydrolysis (Barna and Dworschak, 1994), Vitamin
B3 (niacin) and B12 (cianocobalamin) were detected by a Waters
HPLC with PDA detection (Lombardi-Boccia et al., 2005). Vitamin
B2 (riboflavin) was determined using a Waters HPLC with
fluorescence detection. Both methods used a Symmetry C18
column.

2.6. Statistical analysis

A General Lineal Model was applied with treatment (4 levels,
raw and three cooking methods) as a fix effect using SPSS 14.0 for
windows (IBM SPSS Statistics, SPSS Inc., Chicago, IL, USA). When
significant, a Duncan test (p � 0.05) was used to assess differences
in the mean values. The nutrient contribution of lamb has been
assessed in relation to recommended dietary allowances (FESNAD,
2010).

3. Results and discussion

Table 1 shows the proximate composition of the leg of light
lambs raw and after undergoing three cooking procedures. The dry
matter (DM) significantly varied from 29.5% in the raw meat to
41.6% in both roast and stewed meat, with an intermediate value
for grilled meat (37.4%). Differences between dry-heat and moist-
heat cooking methods have previously been reported (Sainsbury
et al., 2011) with higher losses of moisture in dry-heat cooking
procedures. In the present study, the lower duration of grilling,
even in sliced steaks, led to a lower moisture loss with stewing or
roasting. Besides, stewing was done in chunks of meat, which
might have increased the moisture loss in a moist-heat procedure
in relation to the whole leg used in roasting, which is a dry-heat
cooking method. Nevertheless, these are normal procedures of
cooking for Spanish consumers.



Table 1
Proximate composition (100 g of edible portion) of the leg of light lambs reared on

concentrates, raw, and after undertaken three cooking procedures.

Raw Roasted Grilled Stewed RMSE

n 30 10 10 10

Dry matter 28.5 c 41.6 a 37.4 b 41.6 a 26.993 ***

Fat 9.6 c 11.1 bc 12.1 b 14.8 a 8.510 ***

Protein 17.6 c 25.7 a 21.8 b 25.6 a 16.368 ***

Ash 3.0 c 4.7 a 4.8 a 3.8 b 3.506 ***

Fat/DM 33.6 a 26.6 b 32.1 a 35.6 a 12.758 *

Protein/DM 61.9 61.9 58.5 61.7 5.693 ns

Ash/DM 10.5 bc 11.2 b 12.9 a 9.1 c 5.032 **

n: number of samples; DM: dry matter; RMSE: root mean square error; ns: not

significant.
* p � 0.05.
** p � 0.01.
*** p � 0.001.

a, b, c: mean values in the same row with different letters differ significantly

(p � 0.05).

Table 2
Fatty acid composition (% of total fatty acids) of the leg of light lambs reared on

concentrates, raw and after undertaken three cooking procedures.

Raw Roasted Grilled Stewed RMSE

n 30 10 10 10

C10:0 0.23 0.26 0.25 0.17 0.130 ns

C12:0 0.50 0.62 0.49 0.34 0.375 ns

C14:0 4.85 5.19 4.86 3.56 2.328 ns

C14:1 0.18 0.19 0.19 0.15 0.070 ns

C15:0 0.74 a 0.77 a 0.71 a 0.58 b 0.277 *

C15:1 0.10 a 0.02 b 0.03 b 0.04 b 0.151 ***

C16:0 24.03 a 24.39 a 23.87 a 20.36 b 6.224 ***

C16:1 n-9 2.65 a 2.57 a 2.71 a 2.27 b 0.662 **

C17:0 2.04 2.06 1.81 1.75 0.558 ns

C17:1 1.08 1.10 0.97 0.96 0.259 ns

C18:0 13.40 12.91 12.58 11.38 3.229 ns

C18:1 n-9 34.89 b 34.48 b 36.27 ab 38.30 a 5.917 *

C18:1 n-11 1.35 1.39 1.31 1.45 0.195 ns

tC18:2 n-6 0.06 0.06 0.06 0.05 0.010 ns

C18:2 n-6 5.04 b 5.30 b 5.25 b 11.05 a 9.869 ***

C20:0 0.11 b 0.11 b 0.14 a 0.15 a 0.071 ***

C18:3 n-6 0.06 0.06 0.05 0.05 0.010 ns

C20:1 n-11 0.14 0.14 0.15 0.15 0.032 ns

C18:3 n-3 0.50 0.47 0.58 0.42 0.205 ns

Total CLA 0.66 a 0.62 ab 0.65 a 0.51 b 0.230 *

C20:2 n-6 0.05 0.05 0.05 0.04 0.010 ns

C22:0 0.14 b 0.14 b 0.14 b 0.20 a 0.100 **

C20:2 n-3 0.02 0.02 0.02 0.02 0.005 ns

C20:3 n-6 0.10 0.09 0.08 0.07 0.045 ns

C22:1 n-9 0.01 0.01 0.01 0.01 0.003 ns

C20:3 n-3 0.06 0.05 0.06 0.06 0.010 ns

C20:4 n-6 0.91 0.86 0.77 0.74 0.305 ns

C20:5 n-3 0.09 0.08 0.09 0.06 0.055 ns

C22:6 n-3 0.09 0.09 0.09 0.07 0.045 ns

% SFA 46.04 a 46.47 a 44.83 a 38.49 b 12.524 ***

% MUFA 40.41 b 39.91 b 41.64 ab 43.32 a 5.164 *

% PUFA 7.63 b 7.76 b 7.76 b 13.14 a 9.102 ***

% n-6 6.21 b 6.42 b 6.27 b 12.00 a 9.566 ***

% n-3 0.76 0.72 0.83 0.62 0.281 ns

n-6/n-3 9.03 b 9.47 b 8.64 b 20.88 a 19.767 ***

PUFA/SFA 0.17 b 0.17 b 0.17 b 0.35 a 0.298 ***

ATT 0.22 0.21 0.23 0.19 0.063 ns

I1 2.09 b 2.02 b 2.11 b 2.53 a 0.753 **

AI 0.62 a 0.65 a 0.60 a 0.43 b 0.322 ***

TI 7.94 a 7.86 a 7.33 a 4.71 b 5.238 ***

n: number of samples; RMSE: root mean square error; ns: no significant.
* p � 0.05.
** p � 0.01.
*** p � 0.001.

a, b: mean values in the same row with different letters differ significantly

(p � 0.05); Total CLA: sum of conjugated linoleic acid isomers; SFA: saturated fatty

acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.

ATT = (C20:3 n-3 + C20:5 n-3)/C20:4 n-6; I1 = (C18:0 + C18:1 n-9)/C16:0; AI =

(C12:0 + C14:0 + C16:0)/(n-3 PUFA + n-6 PUFA + MUFA); TI = (C14:0 + C16:0 + C18:0)/

(3n-3 PUFA + 0.5n-6 PUFA + n-3 PUFA/n-6 PUFA).
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The percentage of fat of the raw leg (9.6%, Table 1) was higher
than current values assigned to lambs raised in similar intensive
conditions (Dı́az et al., 2005) even higher than older animals raised
on pastures (Dı́az et al., 2005). The fact that most analyses in the
literature are done on a lean muscle such as Longissimus dorsi (LD)
influences this comparison. A level of 2.41% of intramuscular fat in
LD (Dı́az et al., 2005) has been found in light male lambs from the
same breed, origin and husbandry conditions as the ones used in
our study. However, the consumption of lamb is never done in just
one muscle; there is always a mixture of muscles plus some
intermuscular and subcutaneous tissues that increases the amount
of fat that is finally consumed, even if the consumer partially trims
the food in the plate. In our case, a 4-fold increase has occurred
between the fat content of the LD and the leg, considering all
tissues.

Any cooking procedure increased the percentage of fat
compared to the raw meat (Table 1), when considering the same
weight of raw and cooked meat. This increment is mainly due to
the increase in dry matter (DM), due to the water losses during
cooking. However, we have considered the cooked meat that
would be effectively eaten by the consumer. This is the reason why
the water loss has not been taken into account and only 100 g of
either raw or cooked food has been considered in the fatty acid
analyses. The higher values in the fat percentage of stewed meat
(41.6%, Table 1) may have been influenced by the additional
ingredients during cooking, especially the almonds, even if they
were mostly taking apart before the analysis. Therefore, the
consumption of roasted lamb would imply the intake of 15.6%
more fat and for grilled lamb of 20.6% more fat than the
composition of the raw product. Stewed lamb under our cooking
conditions showed a relative increase of 54.2% of fat in relation to
the raw product, when it only increased 46.1% its dry matter. This
would imply, firstly, that in a moist-heat cooking procedure lamb
cannot lose most of its components due to a lower temperature of
the liquid surrounding the food, and that the increase was mainly
due to the absorption of fat from the ingredients used in the recipe
(Librelotto et al., 2008).

The protein percentage followed the same tendency as the dry
matter, increasing the percentage from the raw meat (17.6%), and
significantly higher in long-time (roasting, 25.7%, and stewing,
25.6%) than in short-time cooking methods (grilling, 21.8%). These
significant differences disappear when data are related to the
amount of dry matter (Table 1). Therefore, no loss of protein was
observed during cooking or due to the method of cooking, although
the increase in percentage was highly correlated to the loss of
moisture.
Only the percentages of C15:0, C15:1, C16:0, C16:1, C18:1 n-9,
C18:2 n-6, C20:0, CLA and C22:0 out of the 29 fatty acids shown
(Table 2) were significantly affected by the cooking method. Except
for C20:0, with less levels in roasted lamb, the rest of fatty acids
were found in similar percentages in roasted and grilled lamb. This
fact, together with the similar fat percentage, would indicate that
the use of a dry-heat cooking method at high temperature (grilling
or roasting) would alter the fatty acid composition in a similar way
when they reach the same internal temperature, independently of
the length of the cooking procedure, since they differed from over a
minute to over one hour. Similar results have been found with
other dry-heat cooking methods (Maranesi et al., 2005).

Among major fatty acids, the largest differences between
treatments appeared for palmitic and linoleic acids (Table 2). The
percentage of palmitic acid largely decreased in stewed lamb
versus grilled, roasted or the raw meat (p � 0.001) with an 18%
decrease in relation to the composition of the raw sample.
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Although not significant (p � 0.1), stearic acid also showed a
decreased of 18% in comparison with the raw product. Long length
heat treatment would favour the melting of saturated fatty acids.
The main difference between stewing and roasting, also considered
a long length cooking method, was the presentation of the food,
where the leg was cut in chunks for the stew, which would allow a
longer temperature action to a larger surface, thus losing more
compounds, whereas the entire leg was used in the roast
minimising the exposed surface area to the heat. However, oleic
acid and linoleic acid, increased extraordinary in the stew in
relation to the other treatments. The high content in oleic acid
(71%) and linoleic acid (21%) of almonds (Maguire et al., 2004) may
have contributed to such a large difference.

The behaviour of palmitic and stearic acids was reflected in
the percentage of saturated fatty acids (SFA) (Table 2), where
stewed lamb showed 8 points less in percentage of SFA than raw
lamb. Although not significantly different from the raw product,
grilled lamb, which was also cooked sliced and therefore, with a
large surface contact with the heat, showed a decreased in SFA
versus raw or roasted meat. The percentage of unsaturated fatty
acids followed the opposite tendency, especially polyunsaturated
fatty acids (PUFA), in higher proportion in stewed than in raw,
roasted or grilled meat, mainly due to the composition of n-6
fatty acids, of which linoleic acid is the major fatty acid. The fact
that n-3 PUFA are structural lipids that are less susceptible
to alterations by cooking has been suggested as a hypothesis
(Kouba et al., 2008) for the less impact of cooking in this group of
fatty acids than in others. This explains why no significant
differences were found in any individual n-3 fatty acids or in the
group of all n-3 fatty acids. As a consequence, stewed lamb
showed a very high n-6/n-3 PUFA ratio, far away from the
recommendations (DHSS, 1994) although it had a more favour-
able PUFA/SFA ratio than the rest of treatments, close to the
desirable 0.4. The ratio (I1) between the not hypercholester-
olaemic major fatty acids (C18:0 + C18:1) and the major
hypercholesterolaemic fatty acid (C16:0) (Banskalieva et al.,
2000), was significantly higher in the stew than in the rest of
treatments. This better ratio was also found in the atherogenic
(AI) and thrombogenic (TI) indices (De Lorenzo et al., 2001),
where stewed lamb showed a decreased of 31% and 41% for AI
and TI respectively in relation to the raw product and the other
cooking procedures analyzed.

The effect of cooking on minerals and vitamin B content was of
greater importance than the type of cooking in all variables
analyzed (Table 3), except for the content of Zn in relation to the
content of dry matter.
Table 3
Minerals and vitamin B content of the leg of light lambs reared on concentrates, raw a

Raw Roasted 

n 30 10 

Fe mg/100 g food 1.22 b 1.46 a 

Zn mg/100 g food 2.51 c 3.98 a 

Vit B2 mg/kg food 1.11 1.16 

Vit B3 mg/kg food 126.97 b 156.80 a 

Vit B12 mg/kg food 19.13 19.70 

Fe mg/100 g DM 4.31 a 3.53 b 

Zn mg/100 g DM 8.88 ab 9.61 a 

Vit B2 mg/kg DM 3.93 a 2.79 b 

Vit B3 mg/kg DM 447.78 a 377.79 b 

Vit B12 mg/kg DM 67.51 a 47.40 b 

n: number of samples; DM: dry matter; RMSE: root mean square error; ns: not signifi
* p � 0.05.
** p � 0.01.
*** p � 0.001.

a, b, c: mean values in the same row with different letters differ significantly (p � 0.05
The amount of minerals found were a bit higher than those
found in suckling lamb [1.1 mg Fe/100 g; 2.2 mg Zn/100 g
(Miguelez et al., 2008)], since the weight and age at slaughter
are higher in light lambs, such as ‘Ternasco de Aragón’, than in
suckling lambs, and this contributes to the mineral status of the
animal. On the other hand, they were lower than those found in
Icelandic lamb [1.5 mg Fe/100 g; 2.8 mg Zn/100 g (Reykdal et al.,
2011)] or in Australian lamb [1.9 mg Fe/100 g; 3.0 mg Zn/100 g
(Greenfield et al., 1987)] in animals considered older and heavier
than the type of animals studied in the current work. All of this
supports the need for knowledge of the composition of local
products in order to accurately recommend appropriated patterns
of consumption. Differences in mineral content among the
treatments were more pronounced when related to the total
product (p � 0.001) than to the dry matter content (p � 0.05 or
p � 0.01). In both minerals analyzed (Table 3), the amount in the
fresh leg was significantly lower than in any of the cooked lamb,
maybe due to the dehydration during cooking that increased the
amount of dry matter per 100 g of food. These differences were
more important in the case of Zn than in the case of Fe, because no
significant differences were found among the different cooking
treatments in iron content, and roasted lamb showed higher zinc
content than stewed or grilled lamb. Whereas the fresh lamb did
not differ significantly from stewed or grilled lamb in Fe content
when referred to DM basis, with a significant lost of 18% in the
roast, the amount of Zn was significantly reduced in a 17.5% with
the stewed lamb, but increased in 8.2% in the roasted. This was
probably due to the lost of minerals diluted in the water during
stewing that did not affect Fe as much as Zn.

The amount of vitamin B2 found in the light lamb ‘Ternasco de
Aragón’ was half and the amount of vitamin B3 was three-fold than
the amount found in Australian lamb (Greenfield et al., 1987). The
different techniques used in each analysis may partially explain
these findings (Ball, 1998; Koontz et al., 2005). Differences in
vitamin B content among treatments were not significant when
referred to the whole product (Table 3), with the exception of
vitamin B3, which showed higher content in the cooked leg than in
the raw leg. The lack of differences and similar values among all the
treatments, coincidentally with the findings of Heerden et al.
(2007) in South African lamb, would imply the same rate of
disappearance of B-vitamins during cooking than the increase in
dry matter, since they are water-soluble. This fact is supported by
their content in relation to the dry matter of the food. No
significant differences were found among the different methods of
cooking lamb, but all samples were different from the raw product,
which shows the lost during the cooking process. However,
nd after undertaken three cooking procedures.

Grilled Stewed RMSE

10 10

1.55 a 1.66 a 0.788 ***

3.03 b 3.04 b 2.342 ***

1.10 1.13 0.084 ns

151.40 a 158.50 a 64.663 *

20.00 20.80 2.737 ns

4.18 a 4.00 ab 1.252 *

8.15 bc 7.32 c 3.206 **

2.94 b 2.72 b 2.503 ***

405.80 b 381.06 b 138.941 ***

53.58 b 50.11 b 39.167 ***

cant.

).



Table 4
Contribution of 100 g of edible portion of cooked lamb to the nutrient allowances (RDA values) of males and females, aged 20–49 years.

Unit RDA % contribution % contribution % contribution

Males Females Roasted Grilled Stewed

Males Females Males Females Males Females

Iron (Fe) mg 10.0 18.0 16.2 8.1 17.2 8.6 18.4 9.2

Zinc (Zn) mg 15.0 15.0 41.9 56.8 31.9 43.3 32.0 43.4

Vitamin B2 mg 1.6 1.3 7.2 8.9 6.9 8.5 7.1 8.7

Vitamin B3 mg 18.0 14.0 87.1 112.0 84.1 108.1 88.0 112.8

Vitamin B12 mg 2.0 2.0 98.5 98.5 100.0 100.0 104.0 104.0
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cooking would not affect the disappearance of vitamins in the same
rate, due to their instability to heat, light and liquid (Lombardi-
Boccia et al., 2005). Harris and Karmas (1975) observed a reduction
of 10% of vitamin B12 and up to 70% of vitamin B2 after cooking. In
our study, although lamb cooked at different methods did not
show different levels of those two vitamins, shorter cooking length
(grilling) had lower losses than long cooking length (roasting or
stewing), with a lost of 25% in the amount of vitamin B2 or 20% in
vitamin B12 in the case of grilled versus raw lamb. However, when
compared to other meat products, lamb is a good source of
vitamins, especially B12 (Badiani et al., 1998).

The nutrient contribution of lamb undertaken three different
cooking methods (Table 4) has been assessed according to the
recommended dietary allowances (RDA) in Spain for males and
females, aged 20–49 years (FESNAD, 2010). These RDA are similar
for minerals and cyanocobalamin, and slightly higher for
riboflavin and niacin, than the dietary reference intakes by the
American Institute of Medicine (1998, 2001). A 100 g portion of
cooked leg (with all adipose, connective and muscular tissues
involved) would provide an average of 12.9% iron, 41.5% zinc, 7.9%
vitamin B2, 98.6% vitamin B3 and 100.8% vitamin B12 of the RDA.
Nevertheless, the contribution to the RDA would be higher in
males for Fe, and lower in Zn, vitamin B2 and vitamin B3 than for
females. In any case, stewing the lamb would contribute in a
higher extent to the RDA of iron, niacin and cyanocobalamin, and
roasting the meat would increase the contribution to the RDA of
zinc and riboflavin.

4. Conclusion

Although most lamb composition data are based on raw meat,
this study has shown that cooking processes greatly influence the
final composition of edible lamb. This effect is mainly due to the
increase in dry matter that changes fat content, in particular.
Hardly any differences were found between dry-heat cooking
methods, even when cooking times were considerably different. A
moist-heat cooking method such as stewing influences the fatty
acid composition of the product on a larger scale, mainly due to the
composition of the ingredients added to the recipe and their
possibility of interacting with the food, increasing especially the
percentage of n-6 PUFA. Except for the ratio n-6/n-3, stewing may
improve the fat quality of lamb according to cardiovascular indices,
although the increment in the level of fat due to the ingredients of
the recipe should be taken into account.

Cooking processes without distinction heavily modified the
composition of minerals and B-vitamins. Minerals were more
affected by cooking than vitamins, increasing the amount in the
edible portion due to an increase in dry matter, whereas, except for
vitamin B3, the amount of vitamins in cooked meat did not differ
from the levels in raw meat. However, cooking caused more B-
vitamins to disappear than minerals, when expressed on a dry
matter basis. In conclusion, lamb is a good source of minerals and
vitamins, especially Zinc and vitamin B12.
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Dietéticas de Referencia (IDR) para la población española. Ediciones Universi-
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