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SUMMARY

beef) and the antioxidants were added at the same

level with 15 batch was left as control and the

the present study was to  combination of marjoram and rosemary (0.02 %

) was used for the 3th batch. Addition of 20
es caused significant

The main objective of

examine the visibility of using natural herbal ex- each
g, MDCM into burger patti
content and significant 10-

patties formulated

racts to help meat industry to minimize lipid oxi-
aracteristics and ex-
anufacturcd

reduction in protein
ntent. Burger
mgniﬁca.mly higher

dation, improve sensory chi

end the shelf life of meat products ™

crease in fat co
with 20 % MDCM showed

with mechanically deboned  chicken meat
i lues. Addition of herbal extracts (mar-
(MDCM). A base batter was prcpared by using 2 TBARs valu ne :
simpl diti . follows: 50 % joram Of rosemary) significantly (P<0.05) re-
pe on? form“]a“on 35 odium duced the TBARS in burger patties formulated
lean beef meat, 35 % beef fat, 2 %o (WI:(;)SS o et \DCM. " ments of burge
chlori drat oy
hloride, 5 % (wiw) water, 8 % HY i 150 atties contain 20 % MDCM with combination of
50 (1:2 water This mixturé was : and rosemary resulted in mOre reduc-
- xidants (BH marjor™ di
batches to which the diffcrcnt an ate Of tion in TBARS (sym,rglsuc effect). The addition
dat@d ratv , o
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002 % for each one ¥ while © " . an Anothef 4 with MDCM s18 y "
{a 3nt10?“ B Jes. Addition of antioxidants 0 the burger patties
trol without addition © _ gp of the ' )
= epar usin® jean gguiﬁcantly increased the sensory scores during
. r
By ition ik ( rcentagc the frozen storage pmod. Natural herbal extracts
meat material as
399


https://v3.camscanner.com/user/download

' e
bined together offered tl

. . com o
sﬁ-n.ﬂly when , oxidation

tion against lipic

ol
at levels ap-

sfficient |
maost cfncic ‘
. g -

sroving the sensory attribute

with 1myj : B it
ozen storage of purger pattic
L s 2

phed dunng 0

04 MDCM.

i
mulated w ith <

l\'TRUDl‘t‘TlON

s one of the most popular meat prod-
The in-
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used as fast meals in Egypt.

ucts that are
als has en-
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ing price of the raw meat mater

creasing
couraced the food industry to evaluate the

nossibility for utilization of other raw materials

¥ Jow cost such as mechanically deboned chick-

+
L

-
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¢n meat has the appearance of finely comminuted
meat (Crosland et al., 1995) with excellent nutri-
tvonal and functional properties suitable for for-
mulaton of many meat products (Dhillon and
Maurer, 1975; Froning, 1981; Fjeld, 1988; Babji
and Lim, 1993; Mielnik et al., 2002: Piissa et al.,
2008)

ough. mechanically deboned chicken meat is

@ Valuable raw materis
ial frequently used in formy.

lation of comm;
inuted meat products, the rapid

as jts Contents of MINg process as well
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ty (Moerck and Ball, 1974; DaWson
1983). Morcover, it is highly perishabl Ga“ne
ean T,

short shelf life even under refrigcratinn dha""-

ase of cellular fluids rich ip itk €y,
l"]em
s

rele '

heat generated during mechanicy) ey "y
. ¢

mer et al., 1986; Ficld, 1988). T, i fling ¥,

—_— hm,.
load and the liability of oxidatiop h erep,
Sho,

T‘lgﬁ "

shelf life of products manufactyreg With v
1

However, the storage life can be e’“ﬂndedwm
and .

auto-oxidation liability can be Drevenys ;
d

L

£ by o
use of antioxidants. ) &

Antioxidants are compounds capabje of el

retarding or preventing auto-oxidatj e

(Shahidi and Wanasundara, 1991?1(;: :;2?

processing, mainly synthetic antioxidang =
used. However; the noxiousness of some g,
dants such as BHT and BHA which are ys: -
food processing has been reported, they can ez
carcinogenic effects in living organisms (Bar:
eth, 1989; Karpinska, 2001). Therefore, nam
antioxidants of plant origin have been introdsx
to improve the lipid stability and enhance te <
sory properties of food. The antioxidant per
ties of natural antioxidants are mainly 37
to their phenolic contents, thus, their a8Y
action is similar to synthetic phenolic antou”
(Cuvelier et al., 1996). The antioxidatio? ®*
of many plant extracts such as mserll-"‘"_ﬁ:
green tea, cocoa products have beeh in\ﬂzst
by several authors (Chang et al., 1977;’wd

1999; Kris-Etherton and Keen, 2002)
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I'he objective of the Present Study

T A5 10 invac..
oate the feasibility of using sele Mveg;.

. Cled
pal extracts for IMProoving the fin:
sensory characteristics anq EXtending |
the g),
* Shelf
' formulageq
MDCM. Therefore, to Chcourage

life of beef burger patties
With

the Mmeat indus.

try to use MDCM for Production of high quay;
ality

meat products without adverse health eff,
CCls,

MATERIALS AND METHODS

Raw materias:

Frozen mechanically deboned chicken racat wag
obtained from commercial processing plant at
Cairo, Egypt within 2 weeks of manufacture and
kept frozen untill as soon as possible after
slaughter and transported to the laboratory in an
insulated box with minimum of delay. The meat
was stored at 4°C overnight before use . Marjo-
ram and rosemary extracts were obtained from
Research Institute of Horticulture, Aromatic and
Medicinal Plants Division, belonging to Ministry
of Agriculture and Land Reclemination (Dokki,
Giza, Egypt). Butylated hydroxytoluene was
purchesed from Sigma chemical company. Sodi-
um chloride and soya were obtained from local

market at Cairo, Egypt.

Burger manufacture:

A base batter was prepared by using
tradition] formulation as follows: 50 % Icun. beel
meat, 35 % beef fat, 2 % (w/w)sodium chloride, 5

1:2 wa-
% (wiw) water, 8 % Hydrated soya R 50 (
vided into batche

a simple

s o
ter). This mixture was di

eft .
B Mt ay Control wy
[ mnxulanl Anutht:r five

by Using 20

hengy addtyey, of any

¢ h'm"'“' Were prenared
% of the '
- e at Maley,

(P(‘-rccmagc of lean bee ' as My

f) ane the AN e dan
ame leye) with st &
as ¢

mtrol and (he combinatieon
and fosemary (0.07 ¢,

batch,

were addeq al the ¢
left

it h )
"’f 14 Ile;f,rrl

Citl(lh) was y ed for the

For each batch, beef and MDCM were pround
through a 5-mm plate mincer, then the water, salt
Soya and BHT or natural extracts were added.
The mixture was mixed for § minutes. A burger
maker with 9 ¢m internal diameter was then yeed
to shape this mixture into patties of approsimate-
ly 70 g and 1 cm thickness. The burger parties
were placed in plastic backaging films, frozen a -
30°C for 30 minutes and then stored at -18°C for

up to 3 months. Samples were withdrawn at U

time and monthly.

Burger analysis:
Chemical analysis:

A. Proximate analysis:
' i p «nts of burger
' otein, fat and ash conten )
Moisture, protein,
¢ from different batch |
For determination of mois-

es were determined
pattie
after the manulacture. o
§ sample were drie
wre contents, 3 8 of each sample were

100°C until constant weight was
as determined according to

obtained. Pro-
the kjel-
tein content W
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K. Deterioration criteria:

B.1 Lipid oxidation (Thiobarbituric acid test,

'R\

Prodardiune acid-reactive substances (TBARS)
were measured acconding to the method of Du
and Ahn, (2002). Five grams of burger was
werght and homogenized with 15 mL of deion-
wad dustilled water. One milliliter of the meat ho-
mogenate was transferred to a test tube and 50 pL
of buty lated hydroxytoluene (7.2 %) and 2 mL of
tuobartiuric acid  (TBA)-trichloroacetic  acid
TCA) (15 mM TBA-15% TCA) were added.
The mixture was vortexed and then incubated in a
boiling water bath for 15 min to develop color.
Then sample was cooled in cold water bath for 10
Tun. vortexed again, and centrifuged for 15 min
4 2500 x g. The absorbance of the resulting su-
pematant solution wag determined at 53] pm
dgainst a blank containing 1 mL of deionized wa-
[C‘f and 2 mL of TBA-TCA solution, The amounts
of TBARS were €Xxpressed as mil); grams of malo-
Naldehyde per kilogram of meat.

ml deionized water for 2 minygeg and gy,
PH \,.

ay
; lex TS
with probe type combined clcctmdc '

measured using digital pH mege, (Sup
)

T - T
through immersing the electrode direcy ing
0 the

mixture,

Bacterial analysis:

Ten grams from the center of cach burge,
Patty

were separately homogenized with o ml Rip
g.

er’s solution (Merck) in a stomacher “‘ah‘hlendw
400, Seward, UAC house friars Road, Londog S
19 UG. Model No. 6021) for 1.5 Minutes, Psych.
rotrophic bacterial counts were determineg using
plate count agar (Oxoid) and the plates were inm:

bated at 7°C for 10 days (APHA, 1992),

Sensory evaluation:

For sensory evaluation of burger patties, five -

sessors were selected from the staff members of

the Department of Food Hygiene and a;?ltrol, Fa-

culty of Veterinary Medicine, Cairo University,

Egypt. They received a preparatory session prior
o tesing so that each panel could thoroughly dis-
cuss and clarify each attribute to be evaluated
Three burger patties from each formula were
cooked at 150°C in a forced draught oven to 2
core temperature 72°C and maintained warm in
the oven unti] testing within 3-8 minules
(Fernindez-Lopez et al., 2006). From the centet
of each burger patty, rectangular pieces of 3
Proximately 1.Scm x2 were cut and served ¥
rOOm temperature. Each panelist evaluated

. g der
replicates of all formulas in a randomized O

Vet.Med.J.,Giza.Vol.SB.No.4(2008]
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,nd asked to give score from 1 o 10 (1, Very poor
gad 10, excellent) for flavor, tenderness ang Juici-
ness. Tap water was provided betweep samples tq
cJeanse the palate. At the end of evaluation of
each burger patty, each panelist was asked 1o give

a score for overall acceptability from | to 10.

Statistical analysis:

Statistical data analysis was carried out using
Minitab Statistical Program (Minitab Inc., State
College, Pa.). One-way analysis of variance was
performed to compare the effect of the treat-
ments. Multiple comparisons of means were

done using Tukey’s at family error rate 0.05.
RESULTS AND DISCUSSION

Results of chemical composition of different for-
mulas of burger patties are presented in Table 1.
Batches of burger patties formulated with 20 %
MDCM exhibited significant (P<0.05) reduction

tributed ¢, the lower proti

fat content of MDCM
and Maurer, 1975; Mac
Sax et al.,

(Gruden, 1972; Dhillon
Neil et al., 1978; Ueber.
of the pro:iz?:;.n::gniﬁcan.t ﬂ.kO'OS) i

nt and significant increase in
the fat content of chickep nuggets formulated
with 20 % washed MDCM were observed by Per-
lo et al. (2006), High fat content and Jower proti-
€n contents for MDCM were recorded by differ-
ent authors (Froning, 1981; Lawrie, 1991:
Crosland, 1995). However, there were no signifi-
cant (P>0.05) changes in the moisture and ash
contents of batches formulated with or without
MDCM. A non significant change in the moisture
content of MDCM was obtained by Crosland
(1995). The addition of synthetic or natural anti-
oxidant results in non significant (P>0.05) g
int
ties formulated with or without MDCM.

he proximate chemical analysis of burger pat-

(%3 CamScanner


https://v3.camscanner.com/user/download

Table (1): pmximatc
without M

chemic

DCM.

al analysis

of beef burger formulated wiyp, s

=" Pproximate analysis
— g™ [
| Treatments - protein Fat Ash
! e
B 095" | 1955+ 088 | 1584 G5
| Beefonly 18.92 £ 0. :
iro I5.85£097" | 19222079° 1,535y
18.69%1.19" | 18.99095 %
' " 119352 1.01° | 1434004
(1855 % 1.56 0,047
b __“"'—---___I_____
Bl LMD s 9™ 14372 099" 234 +094° 1217503
Cosiro S778s 11T [ 13972087 | 2622 089™ |18+ 0 g3
e 5783 < 181" | 14.12 £0.89° |25.96+ l.04£l ‘g-ﬂ—:-h—g—qéi__
Ry T 128 | 13.76% L09° | 26.76 % 0.97 : 2932010
fh{{lasl]e?nr::mw 5781£1.93% [13.18£098° [2731+1.12 215 0,087
Marjoram E——
Data represent averages of three repeats

A-cValues with different letters within a column are significantly different (P < 0.05)

Determination of TBA values has been found to
be a good indicator for lipid oxidation in meat
and meat products (Fernandez-lopez et al.,
1997). The TBARS values of different formulas
of burgers are presented in Table 2. Burger pat-
ties formulated with 20 % MDCM showed sig-
nificantly (P<0.05) higher TBARS values than
burger patties that formulated without MDCM,
moreover addition of BHT giq not significantly
(P>0.05) reduce TBARs in burger formulag with
or without MDCM_ However, addition of herbal

€Xlrac j
facts (marjoram o rosemary) significantly
(P<0 05 reduced the T

BARS in byrge i
r
formulateq With or y; Eer patties

combination of marjoram and rosemary tesul
in more reduction in TBARs (Synergistic effeqy,
since, the TBARS of patties treated with the cop,
bination of herbal extract were signiﬁcmu:.
(P<0.05) lower than TBARS of patties treae
with marjoram or fosemary alone. The TBAR
values of all formulas of burger patties increaset
during frozen Storage. TBARS values of burg
patties formulated with 20 % MDCM without &
tioxidants reached a higher level than the pems
sible limit (1.0) at the end of 3 month of fre
Slorage associated with a warmed over o
with reduction of sensory scores. Boles ad a
tish (1990) reported that a warmed over B

could be observed in meat products at oA

Vet.Med. . .Giza.Vol.56,No.4(2008)

CamScanner


https://v3.camscanner.com/user/download

values above |
0. However. burger
SCT pattjes f
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i [‘K-‘M

and treated witl |
1 synthetic antioxidant
S (BHT
) or

u % srhye
natural herbal extracts remained
) Within (h
C per-

0 flT]?.E
n

Table (2): Thi i
1obarbituric acid values (m
2 malonalde

l

'\:_()fa .
22 with h;
tic " higher Senson
M 18 co Yy SCores
Msiste N "T}]IK nhe
Observed | ™ With Micinik et al. (2 e
0 . 12X
wer TBARSs valyes f i
or ‘.ﬂf‘l"ria

Chanlg*
all
) Y deboned turkey meat
ral antioxidants at treated

s f'\': me-

with nat-

h
— )‘dﬁ per kg) of beef burger
M during frozen storage

Treatments Storage period (TBA)
O'time llt
Beef only mouth 2" month 3" month
g;’;,‘;w‘ 0.554+0.02° [ 0.574%0.01%
= 0.533£0.02% | 0.534 = _| 0605001 * 1 06652001°
SEATY 03T £005 03100 s, 065220.03°
Majons | 04N Z 00T | 504 100 Tt 0o Toras 001"
Beef + MDCM A24£0047 [ 04682 0.04° [ 053020047
Control 0.70 ‘
R + a Fl
S 2+0.02 : 0.789+0.02% | 0.847£007" | 13770.15"
0.669+0.01° | 0719+ 0.08 295
Rosemary 0.495 G : 08" | 0.842+0.02* [ 0891005
Marjoram 0‘575 : gg} ’ gg?: ; 3'08: 03114007 | 05364 006"
- . H18£0.03° | 0.624%0.06° Z001°
Rosemary + 0351 £0.04° | 044320057 [ 0.532£0.11°% t? 56;22 $ o
Marjoram - A

Data represent averages of three repeats.

A-cValues with different letters within a column are sign

The higher TBARs values for burger patties for-
mulated with MDCM indicate high oxidation

potential for MDCM. The high oxidation poten-
ed by the fact that
t from

tial of MDCM may be explain
for removing mea

¢ mcchanical sLress wit_h
nsid-

the mechanical process
the bone exerts extrem

cell breakage resulting W
ds and heme compP

Jusion of oxygen

ith extraction of co
iti ini ts
erable quantitics of lip onen

from bone marrow and the inc

Vier Meda]. I(;W‘a_Vo]_SG,N().4{2008)

ificantly different (P < 0.03)

in the MDCM due to reduction of its size during

rusion process. These factors promote the

ext
turated faty acids

auto-oxidation of polyunsa
present primarily in the phOSpholipids derived

from bone marrow (Moerck and ball, 1974, Lee

1975; Froning, 1976;
t has been stated by Pus
about ten times

s and also more

et al., Dawson and Gart-

ner, 1983). |
(2008) that MDCM contain
yunsalurated fatty acid

sa et al.

more pol
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The effectiveness of rosemary essential o}
inhibitor of lipid  oxidation
has

as an
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(lll,l[‘s of hC
thul- ¢ L
dlll’ing frome ECT pattieg formul ;
- “I storage ated with or wi,
———— —_
T _____‘_‘___-'_-____-1__ Ithout “[)(. \1
reatments R ——
; ————-_Sw"iod T —
eef onl 1" month o
om0l 5.930 + 0,02° month 3" month
| BHT : 02" [5953%005¢
———— 139334005 6.006 £ 0.0 ,
Rosermay 5977 1o r— 2903 £ 002" [ 606 2 0047 557 e
Marjoram ; 02" 15980001 N6 0.04° 1 608020017
s 5.973£001° |59 1601620037 | 6.070=
eefl +tMDCM 963+ 0.03% [6.0472 0,067 ¢ 0£0027 |
Control 6110ﬂ:OOIl . ;6.]401{”5:
BH - : 6.283 +0.02° S
o T 6.12020.01" 635620 g%, 62702 005" [63102003°
semary 6.090+0.03° |6.140 20,047 6.206+0.01" [6323:002°
Marjoram 6.093+0.02° [ 61362 O'g;,, 6.153£0.04% [6.156=002°
Rosgmary +  |60502001° |6 T 6.193 0.02‘:t 6216+ 001°
Marjoram - 6.160+0.03% |6.160002°

Data represent averages of three repeats

A-fVal ith di ithi
alues with different letters within a column are significantly different (P < 0.05)

The addition of natural antioxidants to burger pat-
formulated with MDCM significantly
(P<0.05) reduced the pH values. Combinning

ties

rosemary with marjoram was more effective in
reducing the pH values of burger patties formu-
lated with MDCM during storage. Although, pH
of burger paties formulated with MDCM without
addition of natural antioxidants reached a higher
values than permissible limit after 3 monthes of
frozen storage, the pH values of burger patties
formulated with MDCM and treated with natural
antioxidants remained within the permissible lim-
it until the end of storage period (3 months).

Psychrotrophic counts of A1l batchs of burger pal-

ties formulated with 20 % MDCM were signifi-
cantly (P<0.05) higher than those of burger pal-

Vet.Med.J.,Giza.Vol. 56.N0.4(2008]

ties formulated without MDCM (Table 4). This
high counts were probably attributed to the high
microbial counts of MDCM. The MDCM has
high microbial load due to contamination durnng
processing. The large surface area due to reduc-
tion of particle size, the extraction of cellular con-
tents rich in nutrients due to tissue maceranon
and the heat generated during mechanical debon-
ning, all these factors promote bactenial growth.
Therefore, MDCM is highly perishable and has a
short shelf life even under refrigerated storage
(Ray et al., 1984 Kumar et al., 1986; Field et al,
1988; Gill, 1988). Higher pH values of MDCM

probably enhance the growth of microorganisms

(Yuste el al., 1998).

407


https://v3.camscanner.com/user/download

idants did not significantly

Addition of antiox
counts in all

(P>0.05) reduce the pychrotrophic
ntill the 9nd month

burger patties during storage u
month of storage,

of storage. At the end of 3rd

counts of pychrotrophic microbiota of burgef pat-

lated with 20 % MDCM without anti-
than 7 log10cfu/g which is
pe of product

ties formu
oxidants were higher
considered spoilage level for this ty

(Jackson et al, 1997). However, pychrotrphic

Table (4): Psychrotrophic bacterial co

counts ©
and treated with antioxidants or fOrmH|'U ’
aled y,

out MDCM remained within the permjyg;,
(less than 7 Jog10cfu/g) until the eng ‘.[.; bim;
" “Irr:,_

months of frozen storage.The reductio,
r,j
Pl

f burger patties formulated with 3
1
Ay,

values due to treatments with antioxidse.

: ants p,

be the cause for lowering of bacteriy . L

. }Un'.

burger formulated with MDCM at the 3,4 5 of
(

mf"-’-’.'

of storage.

unts (expressed as Log CFU/ g ) of

beef burger during frozen storage

Storage period (Psychrotrophs) i
Treatments ]
0-time 1* month 2 month 3% month |
Beef only l
Control 565450.05° 156850007 [5.729+0.06" |68
: : ] : ; 896+0.1°
BHT 5.663+0.08 © [5675£0.14° |5.892+0.09° |6.894+0.03" j\
Eﬁm 2.232:1:0.1 6.140+02° |6.346+0.06° |6.7970.07°
j am 625£02°_|5. : ; :
L 5894+0.12° |5.905+0.06° [7.109%0.22°
C
B;)-Inlt”ml gggg 004" 16.885£0.03" | 6.856+0.05 P |8.467+044°
O L 0.07™ (67752011 | 76552 14"
s 6-68;5) i 3(1?2 . gg; 12007° 66272015 | 7564 0.06° |
: : 825+ ab : -
Rosemary + | 6.1650.11° | 6,546+ TR T LT &
Maioam : 6.592+0.08° |7.225+ 0.13!

D
ala represent averages of three repeats

A.fValues with diff
o s
rent letters within a column are significantly different (P < 0.05)
ren -
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ensory scores of all batches of burger patties are
- ented in Table 5. The flavor and overall

scceptance scores of burger patties formulated

with 20 % MDCM that did not treated with anti-
oxidants Were significantly (P<0.05) lower than
(he other burger patties. A chicky flavor was de-
ccted by panelists in the burger patties formulat-
ed with MDCM without antioxidants. The scores
of this formula decreased during frozen storage
and reached unacceptable level (5) by the end of
3rd month of frozen storage with development of
warmed over flavor. Marked rancid flavor was
detected for comminuted sausage formulated
with mechanically deboned turkey meat stored

for 18 weeks by Mielnik et al. (2002).

Addition of antioxidants to the burger patties 18-

nificantly (P<0.05) increased the sensory Scores

during the frozen Storage period. The sensory

scores of burger patties formulated with MDCM

and treated with antioxidants remained within the

acceptable level untill the end of storage period.

The high oxidation potential of fatty acids present
in MDCM resulted in generation of secondary
products of fatty acid auto-oxidation such as alde-
hydes, ketones, hydrocarbones, esters, fuirans
and lactans. These products are probably respon-
sible for sensory deterioration during storage (La-
dikos and Lougovois, 1990; Froning, 1995; Kan-
natt et al., 1997). The reduction of the rate of
lipid oxidation by antioxidants during storage
probably prevents the formation of secondary 0x-

idation products and consequently decreases the

rate of sensory deterioration.
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Table 5: Sensory attributes of beef burger manufactured with or without MDCM and treated with natural antioxidants during frozen storage

Tﬁnnﬁn ﬂ. Navor Tenderness Juiciness Overall scceptability
| Otime | 1" ™ » 0-time | 1" o g O-time | 1" ™ 3" O-time | 1* o < o
m month | month | month month | month | month month | month | month month | month | month
\
-
_._Eﬂ;_u_
,?33 T._.;_a.T.?:_. __ q.?ﬁ__m_.ﬂﬁa.a. 9.0+01" | 8621.0* | 78406 | 7.3£1.0* | 8.8+03" | B.6£1.0* | 7.620.6* | 7.0£0.5% | 9.3+0.6* | 8.6£06" | 76410 | 7.0:1.0
,mﬁ TEM.I,ﬁ:.K.TS:. d.:m»o«.. 86+03* | 8306 | 7.3406" | 7.0£0.6" | 88203 | 8340.3* | 7.5:0.6" | 68£06* | 8.1203° | 8.5:0.7" | 7.0¢.05 | 6.320.5
\ | | i
| Rosemary | 89:05° | 59206° | .;»ﬁ.T.u»:q 90201" | 86403° | 7.641.0° | 66:1.0° | 8740.5* | 8.040.1* | 75203 | 6.9+0.1* | 89+0.6" N,E.M.T.E.u | se0s
i | -
1 1
| Maroram. | £8203° _.:uﬁ.,#;aﬁ. __ 7606 ’W*S. _;»8. 7.6406* | 7.0+02° | 8.7£0.5* | 830.6° | 7.6:0.6* | 6.90.6* | 9.1:0.6* E&.q. % 7540.5 T.m»a
T Bt ~ WOM
| Comwa | 752850 Junm.ﬁ._dLu_q#wb&.aTbm:. 75406° | 7340.6° | 4541.0° | 83£05° | 7.8403° | 7.0:0.1° | 4.3£1.0° ?u»ﬁ. T.E,w. T._E.o T.E_w
BT 75289 | 71=03" n.m&_m;m.u&u.fb»;. 76+05° | 7.641.0° | 6.8£1.0" | 8.3+0.5° | 7.620.6® | 6.310.6° | 6.620.6° | 7.620.5° Tm&u, 6.621.1 T;I_ _
Fosemary | £9205° nmui_.r.ni.:.maa.nTu&ur 76+06% | 7.3£1.0" [ 7.040.5" | 8.0:0.6° | 8.0£1.0* | 6.6£0.6° | 6.620.5° | 8.8+0.3" Tunﬁ. 70=1.0 :?_ \
: o ) T
.r,r. £X:603* £1203° 77208 __o,muﬂ_,q.im.ma.m;».m&an 73206 | 6.6£1.0° | 8.6£1.0* | 8.0£1.0* | 7.0:0.1° | 6.8:0.6* | 8.6+0.6" TEN. 73205 mﬁm \
¥ -~ G ool €8 nJ.I ua‘ —
wamary | 8926357 | 86a01° | 76206 | 62108 | 86205° | 83206° | 7.640.5° [ 7.040.5° | 8.6+0.5* | 8.020.1* | 7.3+05° | 70:01" | 8.3205" | 8.5210* | 73211 ?ﬁ&
Warorer __ ' ;
[ i __ 1 | | I

Ln.,hn._nvd‘un_r\mw.
.P.... & i

s Y aue Wil Giflerem

eners

verages of three repeats

within & column are significantly different (P < 0.05)
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