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ABSTRACT

Antioxidant efficiency of recommended optimum levels of rosemary (R) (0.10%), sage (S) (0.05%), mustard
(M) (0.10%), clove (CL) (0.10%), fenugreek (FGK) (0.10%) and majorana hortansia (MH) (0.01%), were evaluated
against mixed (1:1)butylated hydroxyanisole / butylated hydroxytoluene (BHA/BHT) (0.01%) and also were evalu-
ated against a control (C) without antioxidant. Ground beef samples were treated then stored at 4C° for 0, 3, 6 and 9
days. Ground beef meat samples were anaylsed for lipid oxidation (peroxide value (PV),thiobarbituric acid reactive
substances (TBARS) and free fatty acid (FFA), meat quality, pH, water holding capacity (WHC), drip loss, cooking
loss, total volatile nitrogen (TVN), protein solubility, cholesterol content, myoglobin concentration and sensory at-
tributes (flavour, juiciness, tenderness and overall palatability). Microbiological analysis (total plate count TPC and
psychrophilic total count PTC) was also determined.

Addition of antioxidants decreased drip loss, cooking loss, TBARS, PV, FFA, cholesterol content, TVN, and
reduced the rate of oxidation of myoglobin to metmyoglobin. On the other hand, WHC, protein solubility and the
organoleptic characteristics were enhanced . Inhibition of microbial growth (TPC and PTC) were detected. Results
showed that the addition of rosemary (R) significantly decreased the lipid oxidation of the ground beef during storage
up to 9 days. It was found that (R) was more effective than BHA/BHT in preventing the increase of TBARS, PV, FFA
values and significantly protected myoglobin from oxidation to metmyoglobin. Added R also markedly decreased the
drip loss, cooking loss, TVN and cholesterol content. The WHC, protein solubility, sensory properties and activity
against TPC and PTC bacteria were significantly higher with addition of R. This study pointed out natural antioxidants
especially, rosemary were more effective than synthetic antioxidants when used to enhance quality and shelf life of
ground beef.
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INTRODUCTION

Preventing rancidity is an important factor in
processing, preparation and storage of many foods.
Food products which contain fats are susceptible
to rancidity and often need antioxidants to increase
products stability (Abramovi¢ & Abram, 2000).
Butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) are effective antioxidants
(Verhagen et al., 1990), Many studies showed
that these antioxidants have oxidative character-
istics and metabolites of which may contribute to
carcinogenicity or tumorigenicity and mutagenic
activity(Ito et al.,1985, VanEsh,1986, Fasoyiro et
al., 2001). However, the same reactions may com-
bat oxidative stress, there is evidence that certain
persons may have difficulty in metabolizing BHA
and BHT, resulting in health and behaviour changes
(Ito et al., 1985,VanEsh,1986) .The plant kingdom
offers a range of natural phenolic compounds found

in spices and herbs such as red chili, cinnamon leaf,
clove, rosemary, sage and mustard (Fasoyiro et al.,
2001). Spices have been known to enhance the fla-
vour and colour attributes. Moreover, these mate-
rials have bacteriostatic activity and antioxidant
activity (Yanishlieva & Marinova, 2001, Sagdic &
Ozcan, 2003, Baydar et al., 2004). Natural antioxi-
dants are readily acceptable by consumers as they
are considered to be safer as compared with syn-
thetic substences. Rosemary and sage have been
shown to prevent oxidation and colour loss as well
as, lowering microbial load of red meat packaged
under modified atmosphere (Sanchez- Escalante et
al., 2001, Djenane et al., 2002). Rosemary and sage
are rich sources of potent antioxidants, rosmarinic
acid, carnosic acid, rosmanol, carnosol, epirosma-
nol isorosmanol and their derivatives (Cuvelier et
al.,1996, Wang et al., 1998, Lu ef al., 2002, Bors
etal., 2002).
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The objective of the present study was to com-
pare the effect of six tested powders, namely rose-
mary (R), sage (S), mustard (M), clove (CL), fenu-
greek (FGK) and majorana hortansia (MH) against
synthetic antioxidants butylated hydroxyanisole/
butylated hydroxytoluene (BHA/BHT) on the qual-
ity of ground beef meat under cold storage.

MATERIALS AND METHODS

Samples preparation. Samples of meat were
obtained from top round of local beef, minced through
a 0.8 cm steel plate using electric grinder (National),
and divided into eight portions of lkg each. The
tested antioxidant powder was added except for the
control (C) as follows: rosemary (R) 0.10% , sage
(S) 0.05% , mustard (M ) 0.10%, clove (CL) 0.10%,
fenugreek (FGK) 0.10%, majorana hortansia (MH
) 0.01% and butylated hydroxyanisole/ butylated
hydroxytoluene (BHA/BHT) 0.01%. The samples
were immediately fine ground to pass through open-
ing with a 0.5 cm, placed onto trays, overraped with
oxygen permeable sheet, and kept under refrigera-
tion at 4°C and fluorescent light for up to 9 days.
The optimum concentrations were recommended in
previous studies (McCarthy et al., 2001).

Microbial count. Samples (25g each) of
the ground beef meat were aseptically removed
from each package, mixed with 225ml sterilized
0.1%peptone solution and blended for 30 sec. with
stomacher. Total plate counts and psychrophilic
counts were determined following the method used
by Lin & Lin (2002) . All microbial counts were
reported as colony forming units per gram (CFU/g)
of meat.

Physicochemical analysis. The pH of the
meat samples was measured according to Xiong et
al. (1993). Water holding capacity (WHC) and the
solubility of myofibrillar protein were determined
according to the procedure of DenHertog-Meischke
et al. (1997). Total volatile nitrogen (TVN), per-
oxide value (PV) and free fatty acids (FFA) were
determined according to Pearson et al. (1981).
Thiobarbituric acid reactive substances (TBARS)
was measured according to the method described
by Balentine ef al. (2006). Cholesterol content was
determined as outlined by Reiser (1975). Myoglob-
in concentration was measured according to Zessin
et al. (1961). Drip loss and cooking loss were de-
termined according to Honikel (1998), and Purchas
and Barton (1976), respectively.

Sensory evaluation. A trained sensory panel
of eight members was used to evaluate: flavour,
juiciness, tenderness and overall palatability of
cooked ground beef meat samples (Caporaso et
al.,1978). A judging scale was used as follows on
a 8-point scale: 8= extremely desirable, extremely
juicy, extremely tender, dark brown, extremely de-
sirable and 1= extremely undesirable, extremely
dry, extremely tough, very dark red and extremely
undesirable, respectively.

Statistical analysis. A 8x4 factorial design in-
cluding two factors, antioxidant and storage time,
with three replications was analyzed by the analy-
sis of variance (SAS, 2001). Significance between
means was tested by Duncan$ Multiple Range Test.

RESULTS AND DISCUSSION

The interaction effect of natural antioxidants
on the pH values and WHC of ground beef meat at
4°C for 0, 3,6 and 9 days is given in Table (1).The
pH value of all antioxidant treatments increased
during the refrigerated storage than the control
treatment but the pH values of R were found sig-
nificantly higher (P<0.01) than all the other treat-
ments. Antioxidant treatments positively affected
the WHC values. WHC values of R were signifi-
cantly (P<0.01) higher than S, M, CL, FGK, MH,
BHA/BHT while the control (C) recorded the least
WHC at all the storage periods. Addition of rose-
mary was intended to raise the pH of meat and to
improve moisture binding by the meat, both ac-
tions accounted for increased WHC (Al-Rubeii et
al.,2008). All treatments showed decrease in WHC
as storage period was extended (Table 1). These re-
sults are in agreement with results of Saleh (2007)
who used vitamins E and C and their combinations
as well as grape seed extract and grape juice con-
centrate in ground meat. These additions improved
the water holding capacity as compared with con-
trol after 90 days of frozen storage .

The results presented in Table (2) show that all
the antioxidant treatments exhibited low (P<0.01)
drip loss and cooking loss percentages as compared
with control treatment at all storage times .That is
probably due to the mode of action of natural anti-
oxidant in increasing moisture bind, pH and WHC,
and hence increase ability of meat tissue to retain
water and reduce moisture loss during storage and
cooking (Al-Rubeii et al., 2008). the percentage of
drip loss and cooking loss in ground beef could be
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ranked in descending order as folow: control > MH
> BHA/BHT > CL >FGK >M>S>R.

Changes of TBARS and PV of ground beef
meat during storage are given in Table (3). Statisti-
cal analysis indicated that TBARS and PV were af-
fected significantly (P<0.01) by storage period and
addition of antioxidants. Addition of natural anti-
oxidants showed lower (P<0.01) TBARS and PV
values than the control at 0, 3, 6 and 9 days. High-
est (P<0.01) TBARS and PV values were found in
control while the lowest were found with R. These
results are similar to those of Djenane ef al. (2002)
and Sanchez-Escalante ef al. (2003) who found that
rosemary was able to retard lipid oxidation for more
than six days.Rosemary contains many compounds
with antioxidant properties: Rosmarinic acid, ros-
manol, carnosic acid, rosmaridiquinone, carnosol
and rosmaridiphenol were identified as phenolic
type compounds which probably function as free
radical scavengers similar to BHA and BHT (Seno-
ranse et al., 2000, Djenane et al., 2002, Abramovic¢
& Abram, 2006). Moreover, the Rosemary reduced
TBARS and PV values formation more than BHA/
BHT. Similar results were reported by McCarthy
et al. (2001) and Tang ef al. (2001) who reported
that the natural equivalent of synthetic antioxidants
is important with regard to human health because
some synthetic antioxidants have carcinogenic ac-
tivity and their usage in the food industry is more
than natural antioxidants. The results obtained in
the present study is supported also by those report-
ed by Balentine et al. (2006) who found that when
rosemary was added to ground beef meat it showed
lower TBARS values of 2.77 mg malonaldehyde/kg
of meat at 4°C after 144hr of storage than control
3.75mg malonaldehyde/kg of meat. Karpinska et
al. (2000) found that the content of malonaldehyde
in control meat sample and when rosemary extract
was added in amounts of 1% and 1.5% it decreased
malonaldehyde contents after three months of stor-
age by 28% in sample containing 1% and by 40%
in sample containing 1.5% rosemary extract. The
results in the present study also indicate that rose-
mary lowered the lipid oxidation products .

Free fatty acids (FFA) values of ground beef
meat with added antioxidants during refrigerated
storage are given in Table (4). All antioxidants
treatments particularly R treatment showed signifi-
cant (P<0.01) decrease in FFA values as storage
period was extended as compared with the control.
The antioxidant properties of spices specially rose-

mary are related to their phenolic contents, their
antioxidant action is similar to synthetic phenolic
antioxidants. High antioxidant activity of rosemary
extract was indicated by Korczak et al. (1990),
whereas among ten herbal seasoning from Labia-
tae family, rosemary showed the strongest anti-
oxidative properties. Despite, the aforementioned
researches were studied on model system, yet they
suggest that rosemary can act in similar manner in
meat preservation. On the other hand, control treat-
ment showed the highest (P<0.01) FFA values at
all the storage time. At the end of storage period
(6 and 9 days) the FFA values in the control treat-
ment were almost 3.10 and 4.06 times higher than
those before storage (0 day), that may be attrib-
uted to the action of lipolytic enzymes (lipase and
phosphlipase). Lipids in meat particularly phos-
pholipids components undergo degradation and
produce a large number of compounds such as, hy-
droperoxides, aldehydes and ketones and increase
the release of free fatty acids which are responsi-
ble for the development of undesirable aroma and
deterioration in flavour (rancidity) during storage
(Kerry et al., 2002). Such results are in agreement
with those reported by Saleh (2007) and Al-Rubeii
et al. (2008).

The effects of antioxidants treatment on the
cholesterol concentration of ground beef are pre-
sented in Table (4). Ground meat treatment with
addition of antioxidant exhibited the low (P<0.01)
cholesterol concentration as storage period was ex-
tended as compared with control treatment. Similar
findings were observed by King et al. (1998) and
Saleh (2007) who showed that cholesterol concen-
tration decreased in meat during refrigerated stor-
age in the presence of antioxidants.

Total volatile nitrogen contents (TVN) of the
meat treatments are shown in Table (5). All anti-
oxidant treatments showed lower TVN at all the
storage times than the control. TVN values among
treatments followed a similar increasing (P<0.01)
trend with extending the refrigerated storage peri-
od. That is possibly due to an increase of proteolyt-
ic reaction and protein hydrolysis to small peptides
and increase accumulation of free nitrogen groups
that might lead to high TVN value (Ageena, 2001).
This also enhance the microbial growth .Similar re-
sults were reported by Mohamed et al. (2005) and
Al-Rubeii et al. (2008). Therefore, using natural
antioxidants is important to reduce (P<0.01) the
TVN formation and to improve meat quality upon
cold storage.



Alex. J. Fd. Sci. & Technol.

Vol. 6, No. 1, pp. 1-16, 2009

‘[onuod pue (LHI/VHE) duan[0}AX0IpAYy

porRIAINg / 9OSIUBAXOIPAY Paje[AINg SJUBpIXOnuUE dNAYIUAAS 0) (HIA) eisuenoy euelofew pue (3[0),]) Yo2I13nud) ‘(TD) 9400 ‘(JN) preisnw ‘(S) a5es
‘() Arewasor (G0 0>d) siuowieas; Suowe JUAILJIP AJUBOYIUSIS oI (I-B) SIONI JUAISLJIP SUIALY W) 1SI) Swes oy} JOJ UWN[0d Y} UM S F SUBIA

@0 0F66 T wnZO'0FLYT  wf00F6E T #S0°0FOI'T  x[0°0FIE0 wnE0'0FECO dowZOOFST'O  vaC0'0FL0'0 [00OLHH/VHE
JIT°0F98°C  1SO°0FSIT  wsSO'0FS6'T om0’ 0FOS' T o€0°0FE6'0  ab0'0F6S'0  waSO'0FOY'0  baoulO'OFTI'0 10°0HIN
2€0°0FLET  maSO'0F06'T o[ 'OFOS' T 5d00°0FITT  0S00F090  wstO'0FHHF'0  wsSO'OFSTO b0 OFOI 0 010304
pSO'0FSST  ®EO'0FE0T w60 0FILT  wf0OFSE T p90°0F99°0 110 0FISO  wul00FHE0Q  baou[0OFI 10 01010
maS0'0F68 T w0l 0FO9 T dZOOFSET  1S0°0FSOT  s»S0°0FSS0  wsl0'0FOP'0 wiT0'0FCTO  ba10°0F80°0 URUA
wa€0'0FE6' T mSO'OFSL T auZOOFEY T 1TOOFLOT b0 '0F6E0 wnSO'0FSTO  wTO'OFSI0  ba10°0F80°0 S0°0S
ouw€0'0FCS T w01 0FOP T a0 0FLTT  TO0FT6'0  weC0'0FLTO wa[0°0F8I0 6000 0FOI'0 510 0FH00 01°0d
O10FOFY  ab0'0FLI'E SO 0FSF'T  +m80°0FT8T  01'0FS9T  a90°0FITT  +€0°0FL6'0 douw€0'OFST 0 009
6 9 € 0 6 9 € 0

0% U0

(sAep) awn 93e103S

(sAep) swin) a3eI10)§

(1ro 3 /0 bow) Ad

JUdUBAL],

(yeow 3y /opAydpreuorew sw) Ve L

Dot Y€ 33L.10)S PIJLIIGLIJII SULINP JLIW JII( PUNO.I3

Jo (AQ) sonpea aprxoqad pue (SYVE.L) S2IULBISqNS IAIIILII PIdE ILINIGILOIY) AJI[IqE)S JAIEPIX0 IY) U0 SULPIXONIUE [BIN)eU JO 3T :€ d[qeL



Vol. 6, No. 1, pp. 1-16, 2009

Alex. J. Fd. Sci. & Technol.

‘[onuod pue (LHE/VHSE) 2uonjolAxoIpAy

pate[Aing / Q[OSTUBAXOIPAY Poje[AIng SIUBPIXONUE ONAYIUAAS 0} (HIA) eIsueltoy euelofew pue (3[D,) Jo218nua) ‘("TD) 24070 ‘(JN) preysnw () a3es
‘() Arewasor (G0 0>d ) Siuawyear} Juowe JUAILJIP AUedYIUSIS o1e()-8) SI9NQ] JUSILIP SUIARY W }SO) dWeS Y} JOJ UWN[od oY) UNPIM S F SUBIIA

sLO'0FE9'9S  aw0T0FOT'8S  O1'0FOLT9  S0°0FSH' €9 €0 0FCr' 0 waC0'0FE0  mil0O'0FIE0  owCO'0OFEI'0 10°0LHE/VHE
t[T°0F06°'19  160°0FCTCY  «STOFSOY9  olTOFIT'S9  aCO'0F88'0  »SO'0FO90  #SO°0FSH0  wwl0°0FITO 10°'0HIN
pd80°0FCO'LS  wSO'OFFY'6S  360°0F68°C9  pI1'0F6EYY  90°0F0S°0 wel00FIFO  wsSO'0FSE0  wnCO'OF8I0 01°03154d
up0'0F898S  (I1T°0F6S°09  sO0I°0F6Y'€9  2a80°0FLLY9  »90°0FI90  »S0°0FOS0  sCO'OFLED  wur€0'0FOT O 01010
i€0°0F6I°LS w60 0FF8'8S  480°0F9ET9  #€0°0FLO'EY wwl0'0FPE0 wwCTO'OFLTO wnSO'0FOCO0  ow00'0FOI'0 0I'0N
1EOFCISS  pSO0FS8'LS  9T0FIS09 10€°0F00C9 wmut00F6E0 r€0'0FEE0  wwSO'0FSTO  ou[0OFIT0 S0°0S
n60°0FEY' €S sIT'OFI99S  oS0°0FOE8S  4S0'0FSTT9  miC0'0F6CT0 wu[0'0FICO  owwCO'OFILI'0  ©I0°0FLOO 010y
OT0FOF' €9 »LOOFELYY  O1'0FOI'S9  =ST°0FOL99  FO'OFCTT  a€0°0FE6'0  -€0°0F69°0  meSO'0FOE 0 00D
6 9 € 0 6 9 € 0 %, *U0))

(sAep) sawn 93e10)S

(sAep) swin a3e10)§

(eaw 390 /3u) [019)S3[0YD)

JUAU)BAL],

(%) ViaA

Dol 18 33L.10)s PIIRIIGLIJII

Surinp sjuepixonue se sI9pmod [eanjeu Jo UORIPPE YIIM JBIW JII( PUNOIS UI JUIIU0D [013)SI[0YD pue (V.I.1) PIdE A)3e} 33.4] Jo saguey)) :p d[qe ]



‘[onuod pue (LHG/VHE) duon[o}AXoIp
-AY pare[AIng / 9[OSIUBAXOIPAY Paje[AIng SIUBPIXONUR ONAYIUIAS 0} (HIA) BIsueIoy euelolew pue (3[H) J213nud) (TD) 24070 ‘() preisnuw (S) o3es
‘() Arewdsor (S0 0>d) siudunean} Suowe JUAIOPIP AUBOYIUSIS o1e(N-8) SI0139] JUSIIIJIP SUIARY WISII 1S9} QWIES O} JOJ UWN[0D O UIPIM HS F SUBIA

Alex. J. Fd. Sci. & Technol.

Vol. 6, No. 1, pp. 1-16, 2009

FTOFITE9  (LOOFSH09  oSI'OFO9LS  sEI'0FT6'ES  01'0FOV'TI »SO0FOI'0O1  mOI'OFSEL  »a90°0F,9°¢ [0°0LHE/VHE
30C0FOET9  10T0F006S  oCTOFL69S IT0FIOES  oSOOFLOYI  »#0O'0FOOTT  wSOOFS6L  ab0'0F66'E T0°'0HN
LI0F6VH9  (11°0F6T19 wiSO0FS6'LS  sITOF6TYS 20 0FS90I  350°0FS06  I1°0FI69  #60°0F6E '€ 010304
FTOFILEY 9T OFYS'6S wal['0F60°LS ITOFIY'ES +SO0FSLTI  J01°0F06'6  m800FCEL  wal['0FOL'E 01°01O
20€°0F09°S9  aET'0FLLTY wOI'0FI08S ST'OFSI'SS #S0°0FSTOI  wSO'0FOL'S  wOI'0FOI'9  «OI'0FSI'E URUAl
STOFOY'L9  -81°0FE6'E9  ST°0FIS8S  e€1°0F88'SS  1#00F68°6 wEOOFEI'S  wbOOFLE'S  <€0'0FL6T $0°0S
$0'0FI889  o£1°0FCH'S9  (ITO0FOTT9 wSI'0FO6'LS  1SO°0FSO'S 10107069  oL00FO9Y  sSO'OFSL'T 0104
WCTOFLLTY w9TOF6I'8S  a61°0FHH'9S  n0TOFOV'TS  «SO0FSFII 20T 0FO8TI  w90'0F6TS  vb0'0F99Y 009
6 9 € 0 6 9 € 0 o, U0

(sAep) swn 93e.10)S

(sAep) awn) I3eI10)§

(yeowr G/3wr) AJI[IqN[OS UIN0AJ

(yedw (0 /N Sw) NAL

JUdUI)BII ],

Dol e

33..10)S PajeIISLIJa.1 SULINP JBIW JII( punoas jo AIqnjos urjoxd pue (NAL) U9S01)IU I[JB[0A [10) U0 SJUBPIXOIJUR [BIN)BU JO 3T :S dqeL



Alex. J. Fd. Sci. & Technol.

Vol. 6, No. 1, pp. 1-16, 2009

The results of protein solubility values of
ground beef meat treated with antioxidants and
stored at 4°C for 0, 3, 6 and 9 days are shown in
Table (5). Statistical analysis indicated that protein
solubility was affected significantly (P<0.01) by
addition of antioxidants. All the treatments showed
increase in protein solubility values with extend-
ing storage period. Addition of natural antioxidant
increased (P<0.01) the protein solubility. Presence
of rosemary exhibited the highest (P<0.01) protein
solubility values as storage period was proceeded as
compared with the other treatments. These results
agree with the findings of Korczak et al. (1998)
who reported that addition of natural antioxidant,
such as rosemary extract (0.05%) and soy protein
hydrolyzate inhibited significantly degradation of
meat protein, increase the stability, and keep the
biological value of protein in meat products. Es-
tévez & Cava (2006) also, found that rosemary
essential oil successfully inhibited oxymyoglobin
oxidation in frankfurters produced with tissue from
Iberian pigs.

The results of using antioxidant treatments on
myoglobin concentration of ground beef under cold
storage are presented in Table (6). All antioxidant
treatments showed significant (P<0.01) increase
in myoglobin concentration than the control at all
storage periods. The R treatment had the highest
myoglobin concentration (5.28, 5.02, 4.83 and
4.61mg/g) than S, BHA/BHT, M, CL, FGK, MH
and C for days 0, 3, 6 and 9, respectively. Rose-
mary treatment was highly effective in inhibiting
both metmyoglobin formation and lipid oxidation
for 9 days. Chan et al. (1997) showed that lipid au-
toxidation products can increase the oxidation of
oxymyoglobin to metmyoglobin. The present re-
sults are in agreement with the results of Chen et
al. (1992), Banks et al. (1998) and Sanchez-Esca-
lante et al. (2003) who found that rosemary extract
was able to retard lipid oxidation for more than six
days. All treatments showed significant (P<0.01)
decrease in myoglobin concentration as storage pe-
riod was extended, due to oxidation of myoglobin
pigment to metmyoglobin during storage .

The sensory panel evaluation scores were
given in Table (7). The organoleptic scores for
flavour, juiciness, tenderness and overall palat-
ability of cooked ground beef meat were affected
significantly (P<0.01) by addition of antioxidants.
Antioxidant treatments were superior (P<0.01)

to the C treatment in overall sensory scores. This
was attributed to the addition of these antioxidants
effective in preventing lipid oxidation, reduced
TBARS and PV and prevent the development of
warmed over flavour (WOF) which affects overall
palatability of cooked ground beef. The R treat-
ment had the highest organoleptic scores for fla-
vour, juiciness, tenderness and overall palatability
of all other treatments.On the other hand, C treat-
ment recorded the least organoleptic scores than
other treatments at all the storage periods. The re-
sults in the present study support those reported by
Huisman et al. (1994) who found that addition of
rosemary in a sensory acceptable amount of 0.05%
depressed the development of WOF of precooked
pork meat balls during storage by 20%. Al-Rubeii
et al. (2008) found that rosemary powder (0.1%)
when added to ground poultry meat was markedly
effective on preventing lipid oxidation with prac-
tically complete elimination of rancidity (TBARS
and PV) and delaying myoglobin oxidation which
reflected on improvement of organoleptic scores
for flavour, juiciness, tenderness and overall pal-
atability. The order of acceptability in the present
work was found to be R>S>M>FGK>CL>BHA/
BHT>MH>control. These results indicte that natu-
ral antioxidants are recommended to improve the
overall organoleptic properties of ground beef dur-
ing refrigerated storage.

The number of total plate count (TPC) for
ground beef stored under refrigeration for 0, 3, 6
and 9 days are presented in Figure (1). All antioxi-
dant treatments recorded significant (P<0.01) de-
crease in TPC at storage as compared with C treat-
ment. The rosemary treatment (R) had higher effect
(P<0.01) on TPC for ground beef meat stored under
refrigeration condition than C treatment probably
due to that rosemary have numerous phenolic com-
pounds including carnosic acid, carnosol, epiros-
manol, isorosmanol, rosmaridiphenol, rosmanol
and rosmarinic acid (Zheng & Wang, 2001). The
mechanism of inhibitory effect of these phenolic
antioxidants on bacteria growth is believed to their
effect on the function and composition of bacterial
cellular membrane, the synthesis of DNA, RNA,
proteins and lipids,and the function of the mito-
chondrion (Raccach,1984). Fernandez-lopez et al.
(2005) found that rosemary extract had effective
activity against lactic acid bacteria and Listeria in
cooked Swedish-style meat balls. The aforemen-
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Fig. 1: Effect of natural antioxidants on the total plate count (TPC) of ground beef meat during
refrigerated storage at 4°C
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Fig. 2: Effect of natural antioxidants on psychrophilic count of ground beef meat during refriger-
ated storage at 4°C
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tioned results are in agreement with the finding
of Al-Rubeii et al. (2008) who found significant
(P<0.01) decrease in TPC of treated poultry meat
with rosemary powder (0.1%) during refrigerated
storage for 9 days.

The results of adding antioxidant treatments
on psychrophilic count (PTC) in ground beef meat
stored under refrigeration are presented in Fig-
ure (2) .A significant differences (P<0.01) among
antioxidant treatments were recorded. Microbial
growth followed similer trends in all antioxidant
treatments, R treatment reduced (P<0.01) PTC at
all storage periods. While the C treatment recorded
the higher (P<0.01) in PTC than other treatments.
Shelef et al. (1980) found that rosemary was more
effective in inhibition activity against the gram—
positive rather than gram-negative bacteria. Far-
bood et al. (1976) showed that a 1.0 %concentra-
tion of rosemary extract had reduced Styphimurium
aerogenes and Staphylococcus aureus growth by
43.2% and 99.9%, respectively in meats.

CONCLUSION

It could be concluded that direct addition of
natural antioxidants is useful and significantly im-
prove the quality characteristics of ground beef
meat during storage at 4°C for 9 days. Meanwhile,
the present study indicated that the most effective
antioxidant was found to be rosemary powder (R)
as compared with BHA/BHT, in which R showed
lower TBARS, PV, FFA, cholesterol concentra-
tion, total volatile nitrogen, and reducing my-
oglobin oxidation. Moreover, R treatment reduced
the percentage of drip loss and cooking loss. On
the other hand, the R treatment had higher water
holding capacity values, protein solubility, sensory
characteristics and inhibitory effect on microbial
growth (TPC and PTC) in ground beef meat during
storage at 4°C for 9 days. The application of natural
antioxidants at certain levels is recommended to
replace of synthetic antioxidants (BHA/BHT).
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