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Abstract

Forty forts samples of hams were selected from hyper market and categorized as Turkey ham, spiced turkey ham, Turkey
ham for children, smoked turkey ham, turkey ham enriched with n-3 fatty acids, and chicken ham). Vegetables oils for ham
preparation wete also studied. Total fat ranged from 1.33 £ 0.31 to 12.63 £ 0.84 ¢/100g of fresh product and the maximum
was found in turkey ham. Saturated and n-3 fatty acids showed a significant variation (p<0.05) from 27.2 to 44.9 % and from
0.52 to 11.9 % respectively. About 90% of the analysed ham product contained less than 1% trans fatty acids and 10% more
than 2.5%. Ash levels reveal high sodium content in Tunisian ham. All commercialized hams samples are free of pathogenic
bacteria and of E. ¢o/i. Due to our data, the importance of introduce effective policies for reducing the intake of saturated

fat, trans FA and salt is required.
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Introduction

From a nutritional point of view, fat and sodium from processed
meat and meat products, such as ham, is considered as “non
healthy” nutrient, since it contains cholesterol and large amounts
of sodium and saturated fatty acids SFA and very low levels of
n-3 polyunsaturated fatty acids PUFA [1, 2|. Therefore, biochemi-
cal composition of meat fat depends on many factors, such as
animal species, feeding, enrichment, season and every product has
to be considered separately. In this way, the increasing awareness
of the need for diets to contain higher levels of “healthy” fats has
focussed on the importance of the characterisation of fat and
trans fatty acids TFA from different meat products.

Recently, food industry and nutritional institutes (National In-
stitute of Health, Department of Food and Nutrition, Portugal;
Spanish Agency for Consumer Affairs, Food Safety and Nutri-
tion...) has increased efforts in order to quantify and reduce TFA
amounts, especially in processed foods [3, 4]. There is consistent
evidence on industrial TFA and damaging health effects particu-
larly on coronary heart disease and diabetes, while no reports are
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available on beneficial health impact [5-7].

In 2004, Denmark was the first country in the world to intro-
duce a limitation on the content of industrialized produced TFA
in foods [8]. The exposure to TFA by a high-trans-fat menu in
Denmark was reduced from 30 g (industrialized produced TFA)
in 2001, to <1 g in 2005. In just a few years, Denmark has thus
eliminated a risk factor for ischemic heart disease [9].

In Tunisia, only recommendations for voluntary reduction of
trans fat and sodium have been applied by industrials and data on
the presence of trans fats and salts in the overall diet should be
known, in order to implement adequate measures for its reduc-
tion.

The European Food Safety Authority (EFSA) recommended that
for food witch considered a source of omega-3, it must be con-
tain more than 0.30 g/100 g, or more than 0.60 g/100 g for high
unsaturated omega-3, in accordance to the recommended nutti-
tional intake (2 g/day for an adult male) [10]. For theses reasons,
fortification with n-3 PUFA of animal products such as meat and
poultry products has received important interest in recent years.
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However, consumer acceptability is considered one of the biggest
challenges facing this movement [11].

Dietary supplementation of n-3 PUFA has been associated not
only with the enrichment of animal products but also with some
health benefits for both pigs and poultry [12], which may prompt
greater consideration of dietary fatty acid composition when for-
mulating diets. Vegetable-based ingredients such as linseed meals/
oils can be used to support the n-3 FA enrichment of animal
diets. However, linolenic acid n-3 in linseed requires elongation
and desaturation to generate EPA and DHA, a process which is
limited in animals [13].

The aim of this study was therefore, to determine salt and trans
FA content and isomers distribution of the most turkey and
chicken hams in order to get the first overview of the Tunisian
TFA situation. Furthermore, we aimed to assess the microbiologi-
cal quality of commercialized sliced hams.

Materials and Methods
Sample Selection

Hams samples were selected according to a previous survey in
three hyper markets carried out by more than 150 consumers
(50% male and 50% female; age between 20 and 45 years).

Forty forts (n=44) hams samples from four Tunisian manufac-
tures were sampled during February and Mars 2018 from 3 hyper-
markets and grouped as:

v Turkey ham A

v Turkey ham B

v Turkey ham C

v Turkey ham D

v’ Spiced turkey ham E

v Turkey ham for children F
v’ Turkey ham enriched with n-3 fatty acids G
v Smoked turkey ham SA

v Smoked turkey ham SB

v Chicken ham CA

v’ Chicken ham CB

The ingredients of all kind of ham are shown in Table 1.

All samples were transported in refrigerated condition (4°C) to
the laboratories of Food Technology Department INNTA, Tu-
nisia) for analyses.

Moisture

Moisture of the hams samples was determined according to the
AOAC method [14] by drying in an oven (BINDER FD 23) at
105°C. Results were expressed as percentage of wet weight (n =

4).
Ash
Ash content was determined by burning sample in a furnace (Flli

manfredi) at 550°C according to standard method [14]. Results
were expressed as percentage of wet weight (n = 4).
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Protein

Total protein content (% total nitrogen X 6.25) in the homog-
enized samples was determined by Kjeldahl method [14] using
BUCHI Distillation Unit K-314. Results were expressed as per-
centage of wet weight (n = 3).

Carbohydrate

Carbohydrate content was obtained by the difference between
100 and the sum of the percentages of crude protein, total fat,
moisture, and ash.

Fat Extraction

The fat extraction of hams samples was carried out by soxhlet
method [14] with slight modification. Approximately 10 grams
of samples was defatted using 200mL of petroleum ether (60-
80°C) in a continuous Soxhlet extractor for 24h. The obtained
petroleum ether extract was subsequently evaporated under a
stream of nitrogen and the lipid fraction was then determined
gravimetrically.

Fatty Acid Methyl Ester Preparation and Analysis

Fatty acids methyl esters FAMEs were obtained and analysed us-
ing the methods described respectively by the international Or-
ganization for Standardization |15, 16].

FAMEs were analysed using hp Gaz chromatograph system 6890
series equipped with a flame ionization detector and a CP-Sil 88
capillary column (50m X 0.25 mm id. X 0.2 um film thickness,
Agilent J&W). The oven was keep at 185°C and the temperature
of the injector and the detector were both 250°C. Helium was
used as a catrier gas with a flow rate of 1 ml/min, split ratio was
1:100.

Peaks were identified by comparison of their retention times with:

* PUFA 3 FAME:s standards (SUPELCO, Bellefonte, PA; USA)

* Trans 11-octadecanoic methyl ester (SUPELCO, Bellefonte, PA,
USA).

* Trans 9-octadecanoic methyl ester (FLUKA, Sigma Aldrich).

* Linoleic acid methyl ester mix isomer cis/trans (C18:2 cis-
9, cis12; C18:2 cis-9, trans12; C18:2 trans-9,cis12; C18:2 trans-
9,trans12) (SUPELCO, Bellefonte, PA, USA).

* Linolenic acid methyl ester mix isomer cis/trans (C18:3 cis-
9, cis12, cis15; C18:3 cis-9, cisl12, trans15; C18:3 cis-9, trans12,
cis15; C18:3 cis-9, trans12, trans15; C18:3 trans-9, cis12, cis15;
C18:3 trans-9, cis12, trans15; C18:3 trans-9, trans12, cis15; C18:3
trans-9, trans12, trans15) (SUPELCO, Bellefonte, PA, USA).

Fatty acids are given in % of total fatty acids.
Microbial Analyses

The microbiological quality of 8 kinds of samples among 11 col-
lected of turkey and poultry hams was investigated and grouped
as 4 kinds of unsmoked turkey hams (A, B, C, F), 2 smoked tut-
key hams (SA, SB) and 2 poultry hams (CA, CB). The examined
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germs are as follows: Total Mesophilic Flora (TMF), Total Coli-
form, Thermotolerant Coliform (E. ¢o/), Sulfite-Reducing Anaer-
obic (SRA), Staphylococci aurens and Salmonella spp.

The enumeration of Total Mesophilic Flora (TMF) and Total
Coliform was done according to the international Organization
for Standardization ISO [17, 18].

The Thermotolerant Coliform (T'C) and Staphylococcus aurens (SA)
were evaluated according to French standard method [19]. A spe-
cial interest was given to the coagulase positive staphylococci by
using a specific medium (Baird-Parker solid medium) at 37°C.
The detection of Salmonella spp, Sulfite-Reducing Anaerobic
(SRA), Yeast and Molds was also determined [20-22].

Statistical Analysis
Statistical analysis was performed using SPSS software, version
10.0.5. The comparison of analysed parameters was tested using

Duncan’s test (95% confidence interval) with one-way ANOVA.
Data are expressed as mean T standard error.

Results and Discussion
Samples Characteristics

The ingredients of all kind of ham are shown in Table 1.

https://scidoc.org/IJFS.php

Forty forts (n=44) hams samples from four Tunisian manufac-
tures were sampled and grouped as:

v Turkey ham : forts groups (A, B, C and D),

v Chiken ham: tow groups (CA and CB),

v’ Spiced turkey ham: one group (E)

v Turkey ham for children: one group (F),

v Turkey ham enriched with n-3 fatty acids: one group (G),
v Smoked turkey ham: tow groups (SA and SB),

All kind of ham has the same composition with slight modifica-
tion except group G (enriched with vegetable oil) and groups SA
and SB (hams were smoked).

Proximate Composition

Table 2 shows the proximate composition of the most Tunisian
hams products. The lipid and protein contents found in this study
in all samples were ranged from 1.33 + 0.31 to 12.63 * 0.84 and
from 8.85 + 0.79 to 18.09 + 0.98 g/100 g respectively. The high
lipid level found in this kind of ham is probably related to the
turkey and poultry meat composition and not the fat addition for
preparation. Lipid levels in raw turkey meat ranged between 11.4
1+ 0.01 to 21.7 £ 0.01 g/100g in white and red meat respectively
[23]. Generally, lipid and protein contents in hams vary within
turkey or poultry species, feed, season and the process for ham

Table 1. Ingredients of selected Tunisian hams.

Composition

Composition

Turkey meat, salt,
spices and spices ex-
tract, thickening agent,
potassium nitrate,
polyphosphate.

Turkey meat, water, starch,
nitrited salt, spices and spices
extracts, thickening agent E
407, monosodium glutamate
E 621, Sodium erythrobate
E 316.

Composition Composition
Escalope and turkey steak, water,
Turkey meat, water, salt, spices starch E 1422, thickening agent,
Y i P salt, carrageenan B 407, emulsifi-
Tuekey and spices extracts, thickening .
ham aoent F 1422, F 407 T 325 e, gelling, polyphosphate, aroma
gh sphate ? nion e’ tract ’ extract, natural aroma E 300,
phosphate, onion extract. antioxidant E 451, sodium nitrite
E 250, conservation agent.
Chicken meat, water, thicken- Cilri«? Hiiat’ \ivater, izarcth,
Chicken ing agent E 1422, nitrated salt, 01111 h(f ilaat:}]z:clfg;ini;j;o
ham lactose, sugar, spices and spices polyphosphate, ; o
extracts, E 407, ascorbic acid dium glutamate E 621, sodium
? ’ ' erythrobate E 316.
. Turkey meat, water, thickening
Spiced . . .
agent E 1422, spices and spices
turkey .
extracts, E 407, polyphosphate,
ham . .
ascorbic acid.
Turkey meat, watet, starch, cereal
Turkey protein, th1cken1.ng agent E 1%22,
salt, milk protein, corn protein,
ham for
children vegetable fiber, polyphosphate
E 612, E 300, antioxidant E 575,
sodium nitrite E 250.
Turkey meat, water, vegetable oil,
Ham y .
enriched vegetable fiber, nitrite salt, E 407,
with n-3 ascorbic acid, E 300, erythrobate
PUEA E 315, sodium lactate E325,
acetate.
k J
Turkey meat, watet, salt, spices Tur €y meat, Water, star?h,
Smoked d spi tract. thickeni nitrited salt, spices and spices
Turkey and sp ?es o a? > thic 1en g extract, polyphosphate, monoso-
agent E 1422, E 407, E 325 y
ham Ivohosbh t’ - ’ ot ’t dium glutamate E 621, Sodium
polyphiosphate, onion extract erythrobate E 316.
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Table 2. Proximate composition of turkey and chicken Tunisian hams (n=4).

moisture % Ash % lipid % protein % | carbohydrate %

A | 71.4%008 | 24%£0.12 | 12.63 £0.84 | 8.85*0.79 13.57 £ 0.78
B [7654%£0.11|284+0.14| 259+ 0.26 | 13.66 = 1.04 437 +£0.27
C [71.89£0.23 [ 233+0.09 | 1.33£0.31 | 17.22 £ 0.99 7.23 £ 0.61
D [7299£0.07 | 1.82+0.09 | 1.66 £0.15 | 14.66 £ 1.16 8.87 £ 0.59
E |7316%0.05|1.53+0.26 | 1.34 £ 0.19 | 15.89 £ 0.59 8.08 + 0.47
F [7224+0.09 | 2752017 | 412£0.27 | 13.72 £ 0.97 717 +£0.73
G 69771006 [ 254 £0.07 [ 3.09+0.18 | 159+ 1.12 8.7%0.53
CA [ 7398 £0.13 | 276 £0.13 | 2.87 £0.22 | 18.09 £ 0.98 23+0.19
CB | 7554021 |219+£0.21| 347+0.18 | 13.68 £0.73 512+ 0.31
SA | 70.65£0.22 | 1.61 £0.9 | 439 %£0.79 | 14.47 £ 0.67 8.88 + 0.69
SB | 72.62+£0.18 | 1.88 £0.16 | 2.45 £ 0.62 | 15.01 £ 0.83 8.04 £ 0.72

A, B, C, D: Turkey ham; E: spiced turkey ham; F: Turkey ham for children; G: Turkey ham entiched with PUFA n-3, SA, SB: smoked
turkey ham; CA, CB: chicken ham.

preparation.

According to ash result’s, there is no significant difference in ash
content between turkey and chicken hams and the values were
ranged from 1.53 + 0.26 to 2.84 + 0.14g/100g, Such levels were
higher than that found on red or white kazakhsten turkey meat
[23, 24]. As it is mentioned in the etiquette label, the high ash
content was related to salt supply for ham preparation. It is esti-
mated that one sandwich ham menu contain more than 2g of salt
(sodium chloride) and the means of the amount of salt consumed
by Tunisian people is more than 8g/day, witch considered so high
compared to human body requires (5 g per day) [25].

Unlike developing countries, developed countties like UK, Fin-
land, Australia and Canada are pioneers in the implementation
of strategies for salt reduction. Governments in these countries
have put a low on the food industry to reduce sodium levels in
foods [20].

Fatty Acids Profile

Results of fatty acids and trans fatty acid composition ate shown
in Table 3. Turkey hams (A, B, C and D) are very rich in saturated
fatty acids SFA (from 33.74 to 44.32%), whereas in the chicken
hams (CA, CB), the MUFA fraction was the highest (from 44.78
to 50.25 %), followed by the saturated and polyunsaturated fatty
acids (Table 3). Statistical analysis showed that fatty acid com-
position is strongly affected by the origin of hams (Turkey and
chicken) and the process of preparation.

PUFA/SFA ratio, PUFA/MUFA ratio, and n-6/n-3 ratio were
investigated to assess the nutritional properties of ham’s fat. In
relation to PUFA/SFA, a value above 0.4 is tecommended for
healthy foods and diets [27]. The hams studied in the present work
showed a PUFA /SFA ratio from 0.22 to 1.34, ham enriched with
PUFA n-3 reaching the highest values. Such levels were higher
than that found by others authors |1] in dry Spanish hams (0.19 to
0.30). Based on these criteria, the analysed hams were considered
less “healthy” than dry Spanish hams.

The ratio PUFA/MUFA is atound 0.7 indicating the high levels
of MUFA in 80% of the tested samples. MUFA was represented
by oleic acid in all hams kind.

Dietary fat intake should be ideally between 15% and 30% of
total diet energy and will be classified as:

- SFA: less than 10%,

- PUFA: between 6% and 10% (n-6, 5-8%; n-3, 1-2%),
- MUFA: around 10 to 15% ,

- Trans fatty acids: less than 1% .

Hams enriched with n-3 PUFA (G) shown a high level of C18:3
n-3 (11.9%), six times more than the others hams (A, B, C, D).
Such results were attributed to the linseed meals/oil during
growth and/or preparation. Fatty acid composition of linseed
oil was analysed and shown a high content of linolenic acid n-3
witch reach 55% (Table 3). It is suggested that such enrichment
enhances the nutritional oil quality of some meat product for hu-
man health.

About 90% of the tested hams contained between 0 and 0.69
% trans fatty acids TFA and 10% more than 2.5% TFA. Trans
18:1 and C18:2 isomers were the major group of TFA present
in all samples representing 25% to 100% of total trans isomers.
The moderate content of TFA in the studied samples showed
similarities to those reported by others authors [28] in poultry and
products, mutton and beef products. Generally, trans fatty acids
(18:1 trans) in raw muscle meat vaties from as little as 22mg/100g
in veal to 123mg in lamb, but is generally less than 3% of the total
fatty acid content [29].

Trans-C18:1 level has frequently been considered to reflect total
TFA contents of foods. However, recent studies are increasingly
reporting the different groups of TFA (C18:1, C18:2 and C18:3).
This trend is driven, firstly, by the greater detrimental health ef-
fects of the trans C18:2 and trans C18:3 as compared to the C18:1
group. Secondly, the isomeric composition and levels of trans fat-
ty acids are indicative of their origin [30].
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Some authors [31] define the ratio [C18:1-t/(C18:2-t + C18:3-1)]
as indicative about the origin of trans FA. The ratio > 1 be a
sign of partially hydrogenated oils while ratios <1 are indicative
of refined deodorized edible oils. In our data, the ratio [C18:1-t/
(C18:2-t + C18:3-1)]) ranged between 0.13 and 2 indicating the
non use of partially hydrogenated oil.

Microbial Analyses

Table 4 shows the microbiological analysis of the most com-
mercialized hams in Tunisia. 7 samples (5 turkeys and 2 poultries
hams) among the 8 samples tested were in accordance with the
standard and contained the rates of TMF ranging from 6.10%cfu/g

https://scidoc.org/IJFS.php

(PS) to 9.10°cfu/g (B). Only the sample C (one sample of turkey
ham) contains 5 10* cfu/g which is higher (5 10* > 10*) and largely
exceeded the limit value of fixed microbiological criteria of TMF
which is equal to 10%*cfu/g. In our study, 87.5% of tested samples
were in accordance with the standard legislation which author-
izes us to conclude that the obtained result was satisfactory [32].
Indifferently of hams origins, results of total coliforms contain a
count that is equal or less than the limit fixed by the International
Organisation of Standardisation [18].

In our data, all tests are free of E. c/i. According to the literature,
the absence of E. c/i indicates concretely the absence of faecal
origin contamination from human or from animal. Microbiologi-

Table 3. Fatty acid composition of turkey and chicken Tunisian hams (n=3).

A B C D E F G SA SB CA | CB | Linseed oil
C8:0 0.82
C10:0 0.03 0.03 0.05 | 0.07 | 0.05 0.10 0.07
C12:0 0.14 | 020 | 0.36 | 0.30 | 0.19 | 0.14 | 0.38 | 0.07 | 0.12 0.05
C14:0 1.78 | 0.84 [ 091 | 094 | 0.66 | 1.00 | 0.66 | 0.64 | 0.77 | 0.53 | 0.56 0.05
C16:0 | 26.46 | 31.29 | 28.16 | 24.33 | 25.93 | 19.71 | 20.66 | 24.59 | 33.81 | 25.83 | 28.09 5.96
C16:1 3.67 | 325 | 2.66 | 2.60 | 4.47 | 1.25 | 140 | 1.13 | 5.04 | 4.88 | 5.81 0.07
C18:0 [15.82] 959 | 9.27 | 808 | 6.74 | 6.05 [ 731 | 7.58 | 9.15 | 7.33 | 6.89 4.62
C18:1t 146 | 025 | 0.28 | 0.18 0.08 | 0.04 | 0.46 | 0.04 | 0.24
C18:1 35.13 [ 35.98 | 31.72 | 26.68 | 36.62 | 37.44 | 29.75 | 29.61 | 39.05 | 39.90 | 44.44 18.28
C18:2t 1.24 0.21 | 0.09 0.03 | 0.07 | 023 | 0.03 | 0.14
C18:2n-6 | 14.67 | 14.99 | 24.33 | 31.76 | 22.62 | 28.24 | 26.95 | 32.30 | 9.39 | 19.20 | 12.54 14.93
C20:0 0.08 0.09 | 0.08 | 0.18 | 0.15 | 0.11 | 0.11 | 0.09 0.14
C18:3 t 0.10 | 0.05 0.07 | 0.23 0.09
C183n-3| 093 | 0.60 | 1.52 | 277 | 1.67 | 5.65 | 11.90 | 230 | 0.52 | 1.35 | 0.79 55.68
C20:4n-6 | 0.08 | 0.14 | 0.16 | 0.72 | 0.18 0.26 | 0.65 024 | 0.13
SFA 4432 [ 41.91 | 38.72 | 33.74 | 33.64 | 27.16 | 29.22 | 33.00 | 44.89 | 33.78 | 35.65 10.77
MUFA | 38.80 | 39.24 | 34.38 | 29.29 | 41.09 | 38.69 | 31.15 | 30.73 | 44.09 | 44.78 | 50.25 18.34
PUFA | 15.69|15.73 | 26.01 | 35.25 [ 24.46 | 33.89 | 39.11 | 35.24 | 9.90 |20.79 | 13.46 70.6
Trans FA | 0.00 | 2.70 | 0.25 [ 0.59 | 0.32 | 0.00 | 0.19 | 0.34 | 0.69 | 0.16 | 0.37

A, B, C, D: Turkey ham; E: spiced turkey ham; I: Turkey ham for children; G: Turkey ham enriched with PUFA n-3, SA, SB: smoked
turkey ham; CA, CB: chicken ham. SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid;

Table 4. Enumeration of microbial flora in Tunisian hams (CFU/g).

Samples | TaF | TO% (CTOCh)fOImS "‘:;3?:;‘: (2‘1‘112;‘* C:E‘;;:;’S“zif i;‘;l) Sgg’ Salmonella | Yeasts/molds
A | 710 10 - - - N )
B | 910° 10 - - - N )
c | s10 - - - - N -
F | 810 _ - - - . )
CA | 710 10 - - - N -
CB | 6.102 10 - - - N )
SA | 8102 _ - - - . )
SB | 610° _ - - - . -

n = 5; a: absent; - : non detected
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cal analysis of 164 18°C food samples reported that the E. co/i was
detected in 7.9% with the largest population distribution in the
range of 10% to < 10%cfu/g [33].

According to the obtained results, no colony of sulfite-reducing
anaerobes (SRA) was detected (Table 4). Others authors report-
ed the presence of Clostridium perfringens in 16% of 51 RTE
street-vended food products in Johannesburg South Africa [34].
Staphylococcal food poisoning is the fourth most common causa-
tive agent of food borne illness with meat and meat products as
common food vehicles [35]. We noted that all tests are free of
aureus (SA) and would not harm consumer’s health.

Epidemiological investigations into outbreaks related to several
ready-to-eat products have demonstrated that the presence of
Salmonella in the consumed products was frequently due to post-
process recontamination [36]. In our study we noted that all tests
are free of Salmonella and would not harm consumet’s health
(absence/25g) [20]. Results indicate also that no colony of yeasts/
molds was detected in the 8 studied samples and it was in accord-
ance with the standard where the recommended values ranged
between 10* to 10°cfu/g.

In the study, the comparisons between samples revealed that the
rates of TMF and of TC in smoked hams were less than the rates
of TMF and of TC in unsmoked hams. This reduction of germs
is closely related to the antibacterial effect of phenols and others
compounds during smoking process. Similar effect obtained by
smoking procedure on Listeria monocytogenes [37].

Conclusion

From the results obtained in the present work, it can be conclud-
ed that Tunisian hams could be considered as healthier from a
nutritional point of view in relation to their high levels of unsatu-
rated fatty acid (from 55% to 74%) and the slight amount of trans
fatty acids (less than 0.7%), but, these products also contain a high
amount of salt. The introduce of lows and policies for reducing
the intake of saturated fat, trans FA and salt is required. The ex-
amination of TME, TC, E. co/i, SRA, SA, Salmonella spp and yeast
and molds prove that for TMF 87.5 % of samples tested were
satisfactory while for TC 75% of samples were unsatisfactory.
However, all tested samples are free of pathogenic bacteria and
of E. ¢oli (faecal pollution) and of yeasts/molds investigated. We
can announce that Tunisian hams are healthy, safe and therefore
they are good to consume.
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