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ABSTRACT
The aim of this experiment was to evaluate the effect of adding different levels of each of olive
leaf extract (OLE) and thyme leaf extract (TLE) and their combination in some
physicochemical, microbial, and sensory characteristic of lamb patties stored either at 4c° for
12 days or at -18c° for 120 days. Results revealed that there are a steady rise (p<0.01) in
oxidative rancidity, microbial count and free fatty acid in control and treated samples with
increasing time in both storage periods. Also, a significant (p<0.01) reduction in TBA,
microbial count and free fatty acid was observed in samples treated with OLE, TLE and their
combination. Moreover, it was found that addition of 1% OLE and 1% OLE +0.05%TLE are
more effective against formation of TBA and microbial count, respectively. Sensory
characteristics were highest in patties treated with 0.05% TLE and the lowest was noticed in
samples treated with 1% OLE.
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INTRODUCTION

It has been well known that deterioration of
meat products is mainly caused by lipid
oxidation and microbial spoilage. However,
the use of antioxidants and antimicrobials
provides an effective way for preservation of
meat products against spoilage. Nowadays, an
increased interest has been focused towards
plant-based extract as a source of phenolic
antioxidant, antimicrobial, antiviral and anti-
inflammatory (13, 45). It has been reported
that adding olive leaf extract (OLE) at a rate of
1, 2 and 3%, led to retarted significantly (p <
0.01) oxidative rancidity of lamb patties stored
at 4c°® for 12 days by 52.3, 36.5 and 26.17%,
respectively as compared with control.Total
plate count, psychrophilic count and coliform
bacteria decreased significantly (p < 0.01) with
the addition of this extract (11). Similarly Al-
Rimawi,et al (3),demonstrated the activity of
Oleuropein and OLE extract as a natural
antioxidant to retarded oxidation of hamburger
compared with control samples. Moreover,
Robiel, et al,.(54), noted that individual
addition of OLE with or without Tannic acid
to beef patties affected positively color, lipid
stabling, microbiological loads and protein
degradations ~ compared  with  control.
Moreover, working on broiler meat it was
indicated that addition of OLE resulted in
reduced microbial growth successfully, and
maintained the chemical quality and sensory
attribution of the product (20, 28). It has been
known that thyme have antioxidant capacity
due to its content of flavoids (42), as well as
have antimicrobial activity (39, 51). Also, it
has been indicated that adding thyme extract at
a rate of 0, 250, 500 and 1000 ppm to lamb
and chicken patties stored at 4c°® for 12 days
resulted in inhibiting microbial load and
delayed oxidation particularly at a rate of 500
PPM as compared to control (12). Similarly,
El Adab, et al.,(22) and Sharma, et al.,(58) and
Huang, et al.,(31), demonstrated that addition
of thyme essential oil to poultry sausages
prove to be an effective in delaying lipid
oxidation and inhibiting microbial growth. The
objective of this experiment was to study the
effect of adding olive leaf extract (1%) and
thyme leaf extract (0.5%) and their
combination on some physico-chemical,
microbial, and sensory characteristic of lamb
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meat patties during chilling storage at (4c°) for
12 days and freezing (-18c°) for 120 days. The
above concentration was chosen depending on
previous studies (11, 12).

MATERIALS AND METHODS
Preparation of thyme and olive leaf extract
Thyme vulgaricus leaves were obtained from
the Doski area of Duhok, and olive leaves
were obtained from the University of Duhok's
College of Agricultural Science in the
Kurdistan region of Iraq. They were collected
in the spring, washed, and dried at room
temperature for 10 days before being ground
into powder using a machine grinder. One
hundred grams each of crushed leaves were
extracted in a closed conical flask with 1000
ml of 70 percent (v/v) aqueous ethanol and 30
percent distilled water, using a magnetic stirrer
without a heat plate for 24 hours at room
temperature in the dark. The residue was
removed three times using the same process
then the extract was filtered through clean
cheese cloth. The residual solution was dried
and evaporated in a vacuum oven at 40 c°
before being frozen (11,12) .

Preparation of meat Patties

Ribs of meat were cut from the carcasses of
Karadi lambs slaughtered at about ten months
of age, obtained from Duhok’s primary
butchery shops. The samples were moved to
the laboratory under full sterilization
conditions. The fat and connective tissues
were removed from samples after 24 hours
storage at 4c°. The meat lambs' muscles were
cut into small pieces and minced through a 0.8
cm plate in meat grinder. Minced meat were
divided into five treatment groups (5kg). The
first sample was left untreated (control), while
the others were blended with 1 % Olive leaf
extract (T1), 0.05 % Thyme leaves extract
(T2), 1 % Olive leave extract, %plus 0.05%
Thyme leave extract (T3), and 0.5 % Olive
leave extract plus 0.025 % Thyme leaves
extract (T4). Patties (100g) were developed
using a meat former (10 cm wide and 1 cm
thick) and placed on plastic foam meat trays,
wrapped in polyethylene film, and stored for
12 days at 4 c°or at -18 c°® forl20 days to
evaluate physio chemical, microbial count, and
sensory characteristic.
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Lipid oxidation indicater in meat
Measurement of Thiobarbituric
acid(TBA)

Lipid oxidation as Thiobarbituric acid(TBA)
was determined by spectrophotometer (6400 —
JENWAY, UK) following the method of
Witte,et al.,(67). To determine the TBA
values, the color was measured at 530 nm. The
TBA value was determined and multiplying
the absorbance by 5.2 factors and expressing it
as mg MDA/kg meat:

TBA (mgMDA/kgmeat)=Ax5.2

Measurement of myoglobin (Mb)

The concentration of myoglobin in the minced
meat was determined as  described
byKrzywicki, (40), and the absorbance was
measured with a spectrophotometer at (700
and 525 nM) (6400 JENWAY. UK). The
following formula was used to measure

myoglobin concentration:
(A525-A700)Xdilution  F.
Myoglobin (mg/gm meat) =

Wt. of sample
Free fatty acids (FFA)
Free fatty acids (FFA) were used to
determined according to Egan, et al., (20), the
following formula was used:
0.282 X ml NaOH X 0.1N NaOH

FFA%=
Weight of sample (g)
Microbial Count
Microbial count was determined as

recommended by the American Public Health.
Association for food stuff examination
(APHA), (6) .Total plate count (TPC) was
determined on nutrient agar medium, and the
plates of different dilutions were incubated at
37 c° for 48 h. The average number of colonies
per countable plate as well as the total number
of colonies per gram (CFU/g) was determined.
Psychrophilic bacteria (PSY) were determined
on nutrient agar medium, and the plates, and
the inoculated plates were inoculated at 7c° for
10 days.

Sensory Evaluation

The investigated samples were evaluated using
a panel test according to Cross, et al., (15).
Statistical Analysis

Statistical analysis of the data was carried out
using GLM to estimate Best Linear unbiased
effects (56), of the main effects (treatment,
period and their interaction). on studied traits
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Duncan, (18), was performed to detect
significant differences among means of
treatment combination (treatments X period).
RESULTS AND DISCUSSION

TBA: TBA values routinely used as an index
of lipid oxidation in meat products in store and
the rancid flavor is initially detected in meat
products when TBA values reach to 0.9 (19).
The TBA values for the lamb patties treated
with different levels of OLE and TLE and their
combination during storage at 4 c°for 12 days
are given in Table (1 ). It seems from the table
that TBA values for treated samples were
significantly (p< 0.01) lower than that
recorded for control sample. During storage at
4 ¢° lipid oxidation in the control started to
increase at day 1 from 0.944 mg MDA/Kg
meat to 2.556 mg MDA/Kg meat at day 12 of
storage. while treated meat samples apparently
retarded oxidative rancidity during storage by
86.9.83.3,79.4 and 86.8 % for T1, T2, T3 and
T4, respectively as compared to untreated
control patties. In the present study, the TBA
values for lamb patties treated with different
concentration of TLE, OLE and untreated
(control) during storage at -18 c® up to 120
days are given in Table (2). During storage,
lipid oxidation of patties increased from 0.736
(Days 1) to reach 2.547 mg MDA/kg meat on
120 days of storage. while the maximum
values for lamb patties treated with thyme and
OLE extracts were 0.614mg MDA/kg meat at
the end of storage period, thus treatment
resulted retarded in oxidation by
86.5,82.6,75.8 and 78.2% , in T1,T2,T3 and
T4 respectively .Therefore , it seems that
OLE, TLE and their combination added to
meat patties are effective in retardation of
oxidative rancidity during storage at 4 c® for
12 days as well as during storage at -18 c° for
a period of 120 days . While such effect of
OLE may be attributed to the hydroxyl group
(hydroxyl tyrosol , gallic acid ,trysol ,vanilic
acid ,ferulic acid and cinnaric acid ) within the
phenolic structure constituent present on OLE
(43),as well as Olive leaves have substantial
amounts of bioactive compounds (oleuropein,
verbascoside, luteolin-7-Oglucoside,apigenin-
70-glucoside-hydroxy ,tyrosol,and tyrosol) in
antioxidant properties, which have been
associated with their strong characteristics as
preservatives  (25,38).The  presence  of
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phenolics and antioxidant activity in olive leaf antioxidant action of thyme has been shown in
extract has been reported by Stamatopoulos, vitro (14) , from its application in animal
et al., (63).The effect of thyme ,on the other products (30, 41), as well as veal (59 ), , pork
hand , could be due to scavenger nature of (35) ,and lamb in particular (48).These results
flavonoids and phenolic content (4 , 36, 57, were in agreement with Medina, et al., (44
61,62). The capacity of EOs to act as ,66,10) Also, It was indicated that the amount
antioxidants is due to the fact that phenols are of oxidative products for control hamburger
chain-breaking antioxidants. They donate an samples and treated ones with OLE (0.25%,
H-atom from the phenolic hydroxyl group to 0.5%, and 0.75%) increases with storage time
peroxyl radicals (ROO which are responsible from day 1 to six months (3,23,55).
for the propagation of the oxidative radical Furthermore, since MDA values are
chain). Therefore, they can slow down the considered as indicators of rancidity in fat
peroxidation of unsaturated lipids (52).These product and Verme, and Sahoo, (65),
result were similar to those obtained by demonstrated that MDA  concentration
Kassem, et al., (36), who mentioned that TBA between 1.0 and 2.0 mg/kg as threshold value
values of minced meat were obtained over 9 for rancidity, therefore, the lamb patties treated
days of storage at 4°C for control showed a with OLE, Thyme and their combination
rapid  increasing with increasing storage extracts in current work would not deceive
period ,TBA values of thyme treated sample consumer up to 12 days of storage due to the

on day O were significantly lower (p <0.05) antioxidant activity OLE and Thyme.

than those of control samples (12,37) .The

Table 1. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on changes in MDA
(mg malondialdehyde / kg meat) values of lamb meat during storage at 4 c® for 12 days

Treatment Period days
1 | 4 | 8 | 12
C 0.944+0.004 d 1.452+0.006 ¢ 1.778+0.017 b 2.556+0.004 a
T1 0.150+0.007 | 0.260+0.014 j 0.297+0.001 i 0.335+0.011h
T2 0.193+0.001 k 0.292+0.001 i 0.353+0.002 hg 0.476+0.017 f
T3 0.235+0.028 j 0.377+0.009 g 0.481+0.009 f 0.526+0.005 e
T4 0.164+0.004 Ik 0.332+0.003 h 0.384+0.003 g 0.469+0.012 f
For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=
control T1=1%O0LE T2=0.05%TLE T3=1%OLE,0.05%TLE T4=0.5%0LE,0.025%TLE

Table 2. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on changes in MDA
(mg malondialdehyde / kg meat) values of lamb meat during storage at -18 c® for 120days

Treatme Period days

nt 1 | 30 | 60 | 90 | 120

C 0.736+0.055 e 0.991+0.018 d 1.166+0.016 ¢ 2.310+0.017 b 2.547+0.036 a
T1 0.122+0.006 q 0.206+0.009 po 0.230+0.015 no 0.273%0.012 nm 0.344+0.014 kI
T2 0.157+0.001pq 0.230+0.016 no 0.269+0.018 nm 0.410+0.003ij 0.441+0.003 ih
T3 0.202+0.007 po 0.290+0.007 Im 0.384+0.008 kj 0.469+0.024 h 0.614+0.019 f
T4 0.133+0.001 g 0.231+0.003 no 0.329+0.009 | 0.420+0.008 ihj 0.554+0.016 g
For each trait, means with different letters within each column and each row differed significantly (p<0.01).C= conrol
T1=1%OLE T2=0.05%TLE T3=1%0LE,0.05%TLE T4=0.5%O0LE,0.025%TLE

Free Fatty acid (F.F.A) enzymatic hydrolysis of esterified lipid (33).
It is known that presence of free fatty acid The connection between lipolysis and lipid
resulted from decomposition of lipid in frozen oxidation rancidity in that free poly
meat (29). The initial values of F.F.A in the unsaturated fatty acid are oxidized more
current investigation ranged between 0.545 to rapidly than esterified lipid (7). Also, result
0.883 for all treated and control samples . A revealed that addition of OLE, Thyme and
significant (p<0.01) rise with advancing period their combination reduced significantly
of storage was recorded to reach maximum (p<0.01) F.F.A as compared with control

values of 1.375,1.128,1.090 ,1.158 and 1.174 untreated patties particularly at the end of
for control, T1, T2, T3 and T4, respectively at storage of 12 days. This reduction was
the end of 12 days of storage at 4 c° (Table 3). amounted to 17.9,20.7,14.9 and 14.6% for
Such increase in FFA (lipolysis) is a result of T1,T2,T3 and T4, respectively. Similarly,
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Hama, (28), noticed that addition of OLE to
resulted in reduction FFA
Table 3. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on changes on free
fatty acids (FFA) % of lamb meat during storage at 4 c°® for 12 days

broiler breast

during storage for 7 days as compared with
control.

Treatment Period days

1 | 4 | 8 |12
C 0.883+0.037 ed 0.951+ 0.059 cd 1.099+0.016 cb 1.375+0.133 a
T1 0.770+0.049 edf 0.789+0.032 edf 0.827+ 0.019 ed 1.128+0 cb
T2 0.545+0.019 ¢ 0.638+0.037 gf 0.751+0.049 ef 1.090+0.049 cb
T3 0.789+0.065 edf 0.847+0.033 ed 1.061+ 0.005ch 1.158+0.004 b
T4 0.864+0.018 ed 0.879+0.016 ed 0.954+0.036 cd 1.17440.012 b

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

conrol  T1=1%OLE T2=0.05%TLE
Myoglobin concentration

It is known that color stability is very
important to retail shelf life because consumer
will not buy dark or discoloured meat (26).
Furthermore, changes in meat color are
attributed to oxidation of red oxymyoglobin in
metamyoglobin, which give meat an
unattractive brown color (50). Results related

T3=1%OLE,0.05%TLE

T4=0.5%O0LE,0.025%TLE

to the effect of treatment on Mb are
demonstrated in Table (4 ). It seems from the
Table ( 4 ) that color values decreased
significantly (p<0.01) over storage period
.This reduction in color was amounted to
43.9,50.9,41.054.0 and 497 % for
contro,T1,T2,T3 and T4 ,respectively

Table 4. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on changes on
Myoglobin (Mb) concentration of lamb meat during storage at 4 c° for 12 days

Treatment Period days

1 | 4 | 8 | 12
C 2.469+0.010 b 1.97240.032 ¢ 1.484+0.006 h 1.38340.010 j
T1 2.051+0.023d 1.49040.010 h 1.0974+0.007 m 1.005+0.025 n
T2 2.346+0.023 ¢ 1.561+0.004 g 1.47140.016 ih 0.930+0.044 0
T3 2.764+0.020 a 1.811+0.006 f 1.41940.003 ij 1.27140.011 k
T4 2.080+0.044 d 1.158+0.011 | 1.162+0.011 1 1.045+0.004 nm

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

control  T1=1%OLE T2=0.05%TLE
Microbial changes
Microbial qualities of lamb patties was

assessed through estimation of total plate
count (TPC) and psychrophilic bacteria (PSY)
during storage at 4 c° for 12 days and during
freezing storage at -18 c° for 120 days .Result
given in Table ( 5 ) revealed that there was a
significant (p<0.01) steady rise during storage
at 4 c° for 12 days in untreated control patties
from their initial value in TPC (8.1 vs
103.2x10°%) and Psy (4.0 vs 84.3x10°). The
results also indicated that addition of OLE and
thyme extracts resulted in a significant
(p<0.01) reduction on all counts of studied
bacteria, and the highest reduction was
observed in T3 being 71.8% for TPC and
81.6% for Psy. In the current study , result
presented in Table (6) revealed that there is a
significant (p<0.01) steady rise in TPC and
Psy count with increasing storage period up to
120 days from their initial value in control of
TPC (6.066 vs 90x10°) and psy (4.950 vs.

T3=1%OLE,0.05%TLE
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T4=0.5%0LE,0.025%TLE

98.95 x10°).Also, the result indicated that
addition of OLE and thyme and their
combination resulted in a marked significant
(p<0.01) reduction on counts of both studied
bacteria, and particularly the addition 1%.
OLE and 0.05 %, TLE T3).It has been
demonstrated that the use of natural
antimicrobials such as organic acids , essential
oils and plant extracts could be considered as a
good strategy to inhibit microbial spoilage of
meat products (49). The plant extracts and
essential oils showed a potential antimicrobial
effect through the following mechanisms (a).
The phenolic compounds in these extracts and
essential oils affect either enzyme activity or
cause protein denaturation ,(b) it causes
changes in the permeability of microbial cells,
and (c) it causes changes in the function of the
normal activity of cell membranes such as
electron transfer , nutrient exchange , protein
synthesis ,nucleic acids and enzymatic activity
(5).The antimicrobial capacity of thyme could
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be attributed to the activity of phenolic
compound present in thyme extract through its
effect on cell membrane of the microorganism
by causing an increase in the permeability and
leakage of the vital intracellular constituents
and finally disrupt the cell respiration and
microbial system (2). Also, the strong

antimicrobial effect of olive leaves extract are
mainly attributed to phenolic compounds
including  ceafiec  acid, verbascoside,
oleuropein, luteolin  7-olucoside , rutin
,apigenin  7-o-glucoside (8,53,64) .Similar
result  have Dbeen show by other
workers(1,9.11,12,24,32,36).

Table 5. Total plate count (T.P.C), psychrophilic bacteria count(PSY) as affected by different
level of Thyme leaf extract (TLE) and Olive leafs extracts (OLE) on lamb patties stored for 12

days at 4 c°

TPCx10°

Treatment Period days
1 | 4 | 8 |12

C 8.1+ 0.346 h 52.5+1.44c 94.8+0.46 b 103.2+0.69 a
T1 3.20£0.17 ji 7.60£0.23 h 10.30+0.63 g 49.20+0.69 d
T2 2.00£0.17 jk 6.90£0.057 h 9.80+0.34 ¢ 48.40+£0.46 d
T3 1.00£0.11 k 4.50+0.057 i 7.90£0.86 h 28.00£0.46 e
T4 1.75+0.086 jk 6.90£0.57 h 12.80+0.28 f 48.60+£0.80 d

PSY x10%
Treatment |1 | 4 | 8 | 12
C 4.000.34 hi 27.50+0.46 ¢ 42.70+1.03b 84.30+0.46 a
T1 1.70£0.11 kj 3.25+0.028 | 5.45+0.028 g 24.50+0.17d
T2 1.40£0.057 kj 3.48+0.011 i 4.80+0 hg 24.40+0.057 d
T3 0.85+0.028 k 1.90+0.057 j 4.60+0.17 hg 15.50+£0.17 e
T4 1.25+0.08 kj 3.12+0.011 i 6.50+0.057 f 24.20+£0.17d

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

control  T1=1%OLE T2=0.05%TLE

T3=1%0OLE,0.05%TLE

T4=0.5%0LE,0.025%TLE

Table 6. Total plate count (T.P.C), psychrophilic bacteria count(PSY) as affected by different
level of Thyme leaf extract (TLE) and Olive leafs extracts (OLE) on lamb patties stored for

120 days at -18 c°

TPC x105
Treatment Period days
1 | 30 | 60 | 90 | 120
C 6.066+0.088ml  25.00+1.73 h 65.00+1.15 ¢ 77.00+1.04b 90.86+0.52 a
Tl 1.66+0.14 gr 4.30£0.32 mno 11.40+0.30 k 36.90+0.75 f 53.23+0.88d
T2 0.90+0.057 r 2.86%0.14 pqo 7.05+0.32 | 28.16+0.98g 43500 e
T3 0.63+0.12 r 1.76£0.14 qr 3.83+0.011 pno 18.83+0.54 j 35.9840.33 f
T4 0.96+£0.12 r 2.4020.057pgr 4.743+0.060mn 22.433+0.20i 37.36+0.18 f
PSY x10°
C 4.950+0.31 | 13.30+0.32 j 37.63+1.36 d 50.83+0.63 b 78.95+0.31 a
T1 0.900+0.057gp 2.26+0.14 n 7.23+£0.24 k 27.93+0.63 f 46.83+0.38 ¢
T2 0.83+0.06 gp 2.06+0.088 no 5.40+0.28 | 21.06+0.17 g 38.13+0.088 d
T3 0.33+0.088 q 1.00£0.11 qop  2.69+0.089nm  15.46+0.34 i 28.33+0.16 f
T4 0.56+0.088 g 1.90+0.057nop 3.62+£0.034 m 19.83+0.14 h 32.56+0.033

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

conrol T1=1%O0LE
Sensory evaluation
Sensory value is considered especially
important to any food because it is the ultimate
measurement consumers take to accept or
reject a product. A spice extract could exhibit
an excellent antioxidative capacity, but if it
fails sensory test, it will not be accepted (16).
The data on sensory evaluation of the lamb
patties treated with OLE, thyme, their
combination and untreated control stored at

T2=0.05%TLE

T3=1%O0LE,0.05%TLE

T4=0.5%O0LE,0.025%TLE

4c° for 12 days, as well as at — 18 c¢® for 120
days are given in Tables (7 and 8 ),
respectively. Results of analyses of variance
(Table 7) revealed that treatment affected
significantly colour (p<0.05) and a highly
significant effect (p<0.01) on flavour and
aroma, Juiciness , tenderness and overall
acceptability . While, a significant effect of
period was observed in all studied traits except
tenderness (p>0.05) . It seems from Table 7
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that the highest overall acceptability was
observed in patties treated with 0.05% TLE,
whereas the lowest score of overall
acceptability was noticed in patties treated
with 1% OLE and stored at 4c°for 12 days. It
appears from Table (8), that treatment affected
significantly (p<0.01) flavour and overall
acceptability only. Whereas period of storage
affected significantly all studied traits except
color . The effect of treatment on overall
acceptability during freezing was almost the
same as in case of patties stored at 4 c°® for 12
days being the highest score (4.60) was
recorded in patties treated with 0.05% Thyme,
and the lowest was noticed in patties treated
with 1% OLE. It was indicated that treatment
had no significant effect (p>0.05) on color and
tenderness, whereas the highest flavour and
aroma (4.63) and juiciness (3.93) was found in
patties treated with 0.05% Thyme, whereas the
lowest flavour and aroma (3.06) was noticed in
patties treated 1% OLE 0.5% OLE and
0.025% TLE. Similarly, Kassem, et al., (36),
found a  significant improvement of odour
and overall acceptability of beef burger at day
12 due to addition of thyme essential oil,
which could be referred to its aromatic effect
(46), Also, Abu-Salem, et al., (1), indicated
that sensory evaluation was acceptable with
good score for luncheon samples treated with
thyme and stored at 4°C for 4 months. On the
same line, Gahraie , et al.,(24), demonstrated

that frozen beef burgers formulated with
thyme and cinnamon extracts obtained the
highest score (p<0.05),and the antioxidant
properties of natural extracts were the main
reason for the increased sensory score of
natural extracts- incorporated formulation
through preventing the formation of oxidation
—mediated off- flavour and the off- odours
(short- chain aldehydes and ketones) during
storage. It was indicated that thyme essential
oil could be used as natural antioxidant for
inhibitions of industrially chicken nuggets,
lipid oxidation, and providing more sensorial
acceptability (17), Also, with regard to the
addition of OLE it was indicated that addition
of 1% OLE to meat patties and minced meat
resulted in a significantly better overall
acceptability as composed to control untreated
samples (11,27,47).

Conclusion

In conclusion addition of OLE and TLE are
effective against formation of TBA and
microbial count. It seems also that the highest
and lowest overall acceptability was noticed
samples treated with 0.05 % TEL and 1%
OLE, respectively. Acknowledgements

The authors wish to express their deep thanks
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Table 7. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on Sensory
evaluation of lamb meat during storage at 4 c® for 12 days

Factors Traits

Treatment | Color ‘ Flavor &aroma ‘ Juiciness ‘ Tenderness ‘ Acceptance
Control 3.437+0.157 A 4.250+0.193 A 3.187+0.163 A 4562+0.128 A 3.875+0.125 A
T1 3.187+0.208 Ba 3.250+0.193 dC 3.125+0.124 A 4.375+0.125 A 2.562+0.157 C
T2 2.937+0.213 bA 4.000+0.223 bA 3.187+0.245 A 4.187+0.163 bA 4.062+0.170 A
T3 2.687+0.150 B 3.000+£0.158 D 2.437+0.181 B 3.812+0.227 B 2.752+0.193 cB
T4 3.062+0.170 bA 3.687+0.150 bC 2.812+0.208bA 3.750+0.193 B 3.187+0.187 B
Period

days

1 3.500+£0.135 A 3.600+0.244 A 3.500+0.170 A 3.800+0.155 B 3.100+£0.239 A
4 3.250+0.160 bA 3.800+0.155 A 2.500+0.153 B 4.300+0.163 A 3.250+0.160 A
8 2.600+0.152 C 3.450+0.211 A 3.150+0.195 A 4.200+0.171 bA 3.350+£0.195 A
12 2.900+0.160 bC 3.700+0.146 A 2.650+0.109 B 4.250+0.160 bA 3.450+193 A

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

control

T1=1%O0LE

0.5%0LE,0.025%TLE

T2= 0.05%TLE
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T3= 1%O0LE,0.05%TLE

T4=
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Table 8. Effect of thyme leaf extracts (TLE) and Olive leaf extracts (OLE) on Sensory
evaluation of lamb meat during storage at -18 c° for 120 days

Factors Traits

Treatment | Color | Flavor &aroma | Juiciness | Tenderness | Acceptance
Control 3.5+0.212 A 4.23+0.23 BA 3.533+0.215 BA 4.133+0.191 A 3.700+0.227 B
T1 2.833+0.180 A 3.066+0.206 C 3.533+0.191BA 4.00£0.195 A 2.733+0.181 C
T2 3.366+0.231 A 4.633+0.141 A 3.933+0.228 A 4.33+0.186 A 4.600+0.163 A
T3 3.133+0.236 A 3.066+0.153 C 3.600+0.163 BA  4.00+£0.195 A 2.933+0.181 C
T4 3.300+0.152 A 3.766+0.145 B 3.400+0.163 B 4.133+0.191 A 3.533+0.165 B
Period

days

1 3.066+0.248 BA 4.200+0.222 A 3.400+0.235 B 4.600+0.130 A 3.600+0.289 A
30 3.200+0.242 BA 3.933+0.181 BA 4,066+0.181 A 4.400+0.190 A 3.866+0.236 A
60 3.333+0.105 BA 3.500+0.248 BC 3.400+0.190 B 4.400+0.163 A 3.633+0.209 A
90 3.666+0.186 A 3.800+0.242 BAC  3.66+0.186 BA 3.666+0.159 C 3.400+0.235BA
120 2.866+0.191 B 3.333+0.251 C 3.466+0.133 B 3.533+0.133 C 3.00+0.239 B

For each trait, means with different letters within each column and each row differed significantly (p<0.01).C=

control T1=1%O0LE
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