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ff(;btsegved after marination in fruit extracts; however, the
cted. It can be concluded from this study that the fruit
derness, physico-chemical and sensory characteristics of
ment of meat processors to use spent hen meat as a good

Introduction of the sarcomere and also the proteolytic
Spent hens z.lre chickens that are used for potential of the muscle (Kemp and Parr,
egg production for about 75- 100 weeks. 2012). On the other hand, meat toughness
Recetly, there are large number of them is one of themost undesirable meat
due to excessive expansion in egg qualities for consumers (Kemp et al.,
production. There are about 2.6 billion 2010). Actomyosin and background
spent hens in the world that are used in the toughness are 2 main types of classified
pet food industry anc ot much for human meat toughness. The former is attributable
consumption (Navic¢ <t al, 2011). Meat to changes in myofibrillar proteins,
from spent hen is = ¢ood protein source whereas the latter is due to connective
(Rhee et al., 1999; Lee et al., 2003), highly tissues or stromal proteins (Chen et al.,
enriched with omega-3 fatty acids and 2006).

The process of meat tenderization is
recognized to be enzymatic in nature
(Lantto, et al., 2010). Treatment by
exogenous proteases is one of the most
progressive methods used for meat
tenderization. Proteases such as papain,

lower in cholesterol content in particular
breast muscle (Ajuyahet al., 1992) which
have been shown to have health promoting
benefits. However, they are very tough
and dry due to their higher collagen

content (N hmudi and Sams, 1997; . . h

Lee et Ell ur?;o;)] Therefore, they are bromelain and ﬁcm,. all derived from
unsuitable f,’or use in whole meat food, not PlﬂgtS,_ have b?:{"‘l W'de“;l)' l':‘l?d as 7'3?2‘
well accepted by the consumers and have tenderizers k A, Vs
reduced nﬁarketyvalues g countries Ketnawa&Rawdkuen, 221 l,'KoaI\. et al.,
(Nowsadet al.. 2000a, b; Lee et al 2003; 2011; Naveena et al., 2004; Sullivan &
Li, 2 06). & | h acc;:ptablc Calkins, 2010). Plant proteases —are
t » 2006). Moregvcr, the un'dc spent superior 10 bﬂclcrmll)j derived enzymes
houghness and brittle bones n}d sultey mainly because of safety problems, such
en meat has a problem for the P as pathogenicity, or other disadvantageous

;\rfli(::l;:tri;nd is one of the most effccls Wil the |l'lll€r (Choell‘ etolfl’l" 1'20(1221) .
important gg?:::;inlants of meat quality. p}|1c11[.)p|es zﬁ:;z:::ssﬂ %::ulll‘::d fystein;
Meat tenderness depends on the amount of dlgfﬁ::zlics) Rtk san by ubed s
intramuscular connective tissue, the length P
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tenderizing substances in meat. Moreover,
can be used as a nutritional additive

they .
because they can be used as anti-
inflammatory, anti-thrombotic, n:i\
d an

inhibitor of tumor cell reproduction,
an immunogenic agent (Batkin et al,
1988; Hale et al.,, 2002; Wen et al., 2Q06:
Ketnawa et al. (2009). Kiwi fruit contain a
plant thiol protease that has been reported
by many investigators to have a meat
tenderizing effect (Lewis and Luh, 1988,
Materials and Methods
Experimental design
A three replicate based experiment (three
independent replicates) was carried out to
investigate the effect of kiwi and
pineapple extracts (5 and 10 %) and
combination of kiwi extract (5 %) with
pineapple extract (5 %) on the physic-
chemical and sensory characteristics of
spent hen breast fillets. Moreover, the
treated spent hen breast fillets were stored
at 4 °C and examined each other day for
sensory quality, pH, and thiobarbituric
acid as well as total volatile base nitrogen
until objective deterioration of the meat.
Preparation of ingredients
Six dressed carcasses of spent hen (5 kg
each) were purchased from local spent hen
plant in Cairo, Egypt for each replicate.
The carcasses were transferred to the lab
and stored overnight at 4 °C. Sodium
tripolyphosphate and white pepper were
obtained from LobaChemie, Mumbai,
India. Moreover, the sodium chloride was
obtained from a local market at Cairo,
Egypt.
EnzymespreparationPreparation
marinade solution
:.4. base marinade solution was prepared
using a simple traditional formulation as
{ollowg salt 1.8 %, polyphosphates, 0.3
%, u_/hlte pepper 0.002 %. Five marinade
solutions were prepared by addition of
kal (5 and 10 % from total weight) and
pineapple (5 and 10 % from total weight)
as well as combination of kiwi (5%) and
pineapple (5 %) to the base marinade,
Marination process
After storage of spent hen carcasses at 4oC
for 24 l_l, the breast fillet were separated
and.dlwded 7 groups. Five groups were
marinated  in  marinade solutions
containing fruit extracts as follow: the Ist

group was marinated by immersion jn the

of

—
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Sugiyama et al., 2005; Christensen et al

2007).
To tln)c best of our knowledge, there is 4

limited data on the use of extracts of Kiwj
and pineapple in the tenderization ul‘l_no.\l.
Therefore, the main objective of (he
current study was to imprqvc the physico-
chemical and sensory quality of ru\\( spent
hen meat using natural extracts of Kiwi,
pineapple and their combination during
refrigerated storage. o .

marinade solution containing 5 % Kiwi

extract, the 2nd group was marinated by
immersion in the marinade solution

containing 10 % kiwi extract, the 3" group
was marinated by immersion in the
marinade  solution containing 5 %
pineapple extract, 4" group was marinated
by immersion in the marinade solution
containing 10 % pineapple extract and the
5th group was marinated by immersion in
the marinade  solution  containing
combination of 5 % kiwi extract and § %
pineapple extract. Two groups were used
as controls, the 1% one was immersed in
water and the 2nd one was immersed in
the base marinade solution (without kiwi
or pineapple). All groups were stored at
4°C for 24 hrs.

Analysis of marinated spent hen breast
fillet

After 24 h marination of spent hen breast
fillet at 4°C, the fillet was analyzed for the
following parameters.

Shear Force

Shear force was measured for cooked
spent hen fillets. Three breast blocks of 2
cm were prepared and cooked in a
convection oven (Heracus, D-63450
Hanau, Germany) adjusted at 180°C to an
internal temperature 70 °C. Six core
samples of 127 cm diameter were
removed parallel to the longitudinal
orientation of the muscle fiber from each
block using hand-held coring device. Each
core  was sheared once with an
LnslronUniversial Testing machine (Model
2519 105; Instron Corp., Canton, MA,
USA) (Shackelford et al., 2004).

Cooking loss

Cooking loss was calculated as outlined by
Neel et al, (1987). The spent hen fillet
samples were blottedwith blotting paper
and " weighed accurately  just
beforecooking. After cooking, the samples
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oled and wipc.edwith blotting paper
weighed immediately.  The
s as a percentage was the

ilr‘;okinglos _
‘Cﬂ fference in \.vclghts of thesample before
d aﬁef cookmg.

Color evaluation
The color of the surface of raw marinated
spcnf hen breast fillets was measured
g Croma meter (Konica Minolta,
nodel CR 410, .‘Iapan) calibrated with a
hite plate and light trap supplied by the
manufacturer. The L* (lightness), a*
edness): and b* (yellowness) values were
obtaiﬂed using CIE standard illuminant
Dgs light source. Color was expressed
using the Commission International de
’Eclairage (CIE) L*, a*, and b* color
systern. (Shin et al., 2008).
Deterioration criteria
For measurement of pH value, five grams
from each of the prepared muscle sample
were homogenized with 20 ml distilled
water for 10-15 seconds and the pH was
measured according to the method of
et al, (2009). For

Kandeepan
determination of thiobarbituric acid

reactive substances (TBARS), five grams
fom each muscle sample  were
homogenized with 15 ml deionized
distilled and the TBARS values were
determines by the method of Du and Ahn
(2002). Moreover, the total volatile Basic
Nitrogenwas determined according to the
method of Kearsley et al., (1983).
Measurement of collagen content and
solubility

Hydroxyproline contents of cooked meat
samples were estimated as described by
Neuman and Logan (1950). Collagen
solubility of marinated breast meat was
calculated  according to the method
described by Naewbanij et al. (1983).
Sensory evaluation:
The guidelines of AMSA (1995) were
followed during sensory evaluation. For
sensory  evaluation, 9 experienced
panelists (from both sexes in the age range
of 30 to 45 years) were chosen from the
staff members of the Department of Food
Hygiene and Control at Faculty of
Veterinary Medicine, Cairo University,
Egypt. Each panelist evaluated three
replicates of all formulas in a randomized
order and asked to assigns 2 numerical
value between 1 and 9 for following

were o
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:lt(ri'ti‘c‘“:;? appearance, flavor, juiciness
" nderness where 9 denote extremely
cceptable and 1 denotes extremely
unacceptable. At the end of evaluation of
the given sample, each panelist was asked
to give a score for overall acceplability
from 1 (dislike very much) to 9 (like very
much).
Statistical analysis
Statistical data analysis for the three
independent replicates was carried out
using SPSS statistics 17.0 for windows.
The difference between means of values
among  different  treatments were
determined using one way analysis of
variance (ANOVA) and  multiple
comparisons of means were done using
Post Hoc (least square difference test,
LSD) procedure.
Results and discussion
Shear force
The toughness of spent hen meat is a
challenging issue for meat Processors,
therefore, improving the tenderness of this
type of meat is of great significance to fast
growing poultry industry. The shear force
values of spent hen breast meat marinated
with a marinate containing common salt,
polyphosphate and white pepper (control
marinade) were not significantly (P >0.05)
lower than those of meat treated with
water only. Addition of kiwi at
concentration of 5% and 10%, pineapple at
concentration of 5% and 10% and
combination of kiwi 5% and pineapple 5%
resulted in significant (P>0.05) reduction
of shear force values when compared with
those marinated with salt, polyphosphate
and white pepper only.The shear force of
spent hen breast meat marinated with
pineapple10% was significantly (P>0.05)
lower than other treatments (Table 1).The
observed results were in agreement with
previous researchers who reported a
tenderizing effect of bromelain extracted
from pineapple in duck (Buyakyavus,
2013) and spent hen meat (Devitre and
Cunningham, 1985). Moreover,
tenderizing effects of kiwi fruit extract or
extracted actinidin when applied in beef
(Lewis and Luh, 1988; Sugiyama etal.,
2005) and kiwi, pineapple containing
vegetable power in spent hen breast.(Kang
etal,, 2012). The tenderizing effects of
extracts of kiwi and pineapple are
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attributed to their contents of proteolytic
enzymes (actinidin and bromelain) \\hi.ch
cause degradation of myofibrillar w.nh
generation of small peptides or proteins
with low molecular weight and consequent
reduction of the firmness of meat and
destruction of connective tissue proteins
(Ketnawa and Rawdkuen, 2011)

Cooking loss percentage

Marination of spent hen breast meat with
salt, polyphosphate and white pepper
resulted in non-significant  (P>0.05)
increase of cooking loss %in comparison
with samples dip in water only. Addition
of kiwi and pineapple to the marinade
resulted in significant (P<0.05) increase in
cooking loss of treated spent hen breast
meat. Moreover, the pineapple 10 %
extract resulted in significant (P<0.05)

increase in cooking 1oss valueg Whey
compared  with Idw_l (5 and |9 %
pineapple (5) or combination of kiwj (5 %5
and pineapple (5 .%)('l'nhlc )

observations were in  agreement With
Devitre and  Cunningham (1985) and
Ketnawa and  Rawdkuen (2011) who
obtained higher  cooking loss after
treatment of spent  hen  breast with
bromelain as well as Buyukyavus (2013)
afler treatment of duck  breast

bromelain.

Treatments Shear force* Cooking loss*
control-1 2.76+0,34" 40.49+0,92?
control-2 2.54+0.30™ 42.18+1,72%
Kiwi 5% 1.82+0.06 43.18+1.85b
Kiwi 10% 1.45+0.31% 44.1042.32b
Pineapple 5% 1.73£0.09° 43.56+1.45°
Pineapple 10% 1.15+0.07¢ 45,80+2.744
Kiwi 5%+pineapple 5% 1.51+0.0349% 43.89+2.16%

Table (1) Shear force values and cooking loss percentages of spent hen breast meat treated

withkiwi (5% and 10%), pineapple (5% and 10%

pineapple (5%).

) and combination of kiwi (5%) and

*Data are presented by the mean of three independent replicates + SD
*4values withdifferent superscripted significantly (P <0.05) different.

Control 1; breast meat dipped in water only

Control 2; marinade containing salt, polyphosphate and white pepper.

Color values

Regarding the color values, treatment of
spent hen breast with marinade containing
common salt, polyphosphate and white
pepper resulted in non-significant (P
>0.05) increase of L* values, significant
reduction of a* values and significant (P
>0.05) increase of b* values, Addition of
Kiwi 5% to the marinade resulted in
significant (P<0.05) decrease in L* values,
significant (P<0.05) increase in a* values
and non-significant (P>0.05) decrease in
b* values. Addition of kiwi 10% to the
marinade resulted in significant (P<0.05)
decrease in L* values,non-significant
(P>0.05) decrease in a* valyes and

62

significant (P<0.05) decrease in b* values.
While, addition of pineapple 5% resulted
in significant (P<0.05) decrease in L*
values, non-significant (P >0.05) increase
of a* values and significant (P<0.05)
decrease in b* values. Addition of
pineapple 10% to the marinade resulted in
non-significant (P>0.05) increase in L*
values, non- significant (P >0.05) increase
of a* values and non-significant (P>0.05)
Increase in b* values, Moreover, Addition
of kiwi5 andpineapple 5% resulted in non-
significant (P>0.05) decrease in L* values,
non-significant (P >0,05) decrease of a*
values and significant (P<0.05) increase in
b* values (Table 2). A significant
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control-2 653121 gt e o2i023 8.36x1,18°
Kiwis% 52,7020, : 6,090,170 10.2420.13°
Kiwil0% 56.9 i0'62: 12.1240.45¢ 73120 593
PincappleS%s e [38u046T —symnap
M : 56.23+0.2,61% 10.34+0 48 ' 0'384
Pinea plelQ/o 63.4561 00 3 6-&0 at 5.83£0.25
Kiwi 5%+pineapple5% 60.71%0,56° 22037 10.81037
| Kiwt J707 T 5.71£0.54% 12.20£1.07°
*Data are presented by the mean of three independen i

+d yalues with different superscripted significantly (

Control 1; breast meat dipped in water only.
Control 2; marinade containing salt, polyphosphate and white pepper

Deterioration Criteria

The deterioration criteria of spent hen
meat treated with kiwi ( 5 and 10 %),
pineapple (5 and 10 %) and combination
of kiwi (5%) with pineapple (5%) are
presented in Table 3. Addition of kiwi (5
and 10%), pineapple (5% and 10%) and
combination of (kiwi 5 % and pineapple
5% to the solution during marination of
spent hen breast meat resulted in non-
significant (p>0.05) reduction in PH
values samples when compared with
samples treated with salt, polyphosphate
and white pepper (control marinade) as
well as samples dipped in water. Previous
investigators obtained a reduction in pH
values after treatment of spent hen breast
with bromelain Ketnawa and Rawdkuen,
2011) and treatment duck breast with
bromelain (Buyakyavus, 2013). However,
an increase in pH values was obser\fed by
Kiran et al, (2014) after tenderization of
spent hen breast meat with ammoniufm
hydroxide.Marination of spent hen breast
withcommon salt, polyphosphates and
Wwhite pepper resulted in non-significant

Table (3) Deterioration criteria of spent

pineapple (5% and 10%) and combinati

hen breast .
ion of kiwi (5%) and pineapple (5%).

t replicates + SD
P <0.05) different.

(P<0.05) change in thiobarbituric reactive
substances (TBRS) values. However,
addition of kiwi (5 and 10%), pineapple
(5% and 10%) and combination of kiwi 5
% and pine apple 5% resulted in
significant (P>0.05) reduction
thiobarbituricreactive substances values
when compared with samples treated with
salt, polyphosphate and white pepper as
well as samples dipped in water. In a
previous  study  conducted with
Chueachuaychoo et al. (2011) a reduction
in TBRS values was observed after
treatment of spent hen breast with NaCl
and polyphosphates.The total volatile base
nitrogen (TVBN) values of samples
marinated with salt, polyphosphate and
white pepper were not significantly (P
>0.05) different from samples treated with
water. Moreover, [VBN values of samples
marinated with kiwi pineapple and their
combination were not significantly (P
<0.05) different when compared with
those of samples treated with salt,
polyphosphate and white pepper and
samples treated with water only.

meat treated with kiwi (5% and 10%),

TBA*
0.16+0.01"
0.16+0.01°
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iwi : 8+0.14* 0.12+0,00°
Kiwi5% 5.61:+0.03" 2.6 .
Kil\‘:jilozﬁ 5.62+0.02* 2.44+0.08 0.1 lt0.0l:
Pineapple5% 5.65+0.01° | 2.35+0.08" O.IItO.Q‘
Pineapplel0% 5.63£0,02* | 2.54%0.14° g:(l);k:gg:bQ
1ot [
Kiwi 5%+pineapple5% 5.62+0.01* 2.40t.!4 . )
frose: ree independent replicates £ SD

*dyalues with different superscripted
Control 1; breast meat dipped in water only.

Control 2; marinade containing salt, polyphosphat

Collagen content and solubility

The collagen contents (mg/g) and collagen
solubility percentage are presented in
Table 4. Marination of spent hen breast
meat treated with common salt,
polyphosphate and white pepper resulted
in significant ( P<0.05) reduction in
collagen content compared with samples
treated with water only. Addition of kiwi
5% to the marinade resulted in non-
significant (P>0.05) reduction of collagen
content when compared with samples
treated with common salt, polyphosphate
and white pepper and significant(P<0.05)
reduction when compared with samples
treated with water only. Addition of kiwi
5%,pineapple 5%, pineapple 10% and
combination of kiwi 5% and pineapple
5%resulted in significant  (P<0.05)
reduction of collagen content of breast
samples when compared with samples

treated with common salt,
polyphosphateand ~ white  pepper or
samples treated water only. Moreover,

samples marinated with amarinade

*Data are presented by the mean of th °
* significantly (P <0.05) different.

e and white pepper
containing pineapple 10% or combinatjo,

of kiwi 5% and pineapple 5% reveajeq
significant (P<0.05) reduction of collagep
content in comparison to all treateq
samples. Regarding the collagen solubility
percentages,marination of spent hen breas't
meat in common salt,polyphosphate ang
white  pepper resulted in  nop.
significant(P>0.05)  reduction.However,
addition of kiwi (5% and 10%),pineapple
(5% and 10%) and combination of kiwi5%
and pineapple 5% resulted in significant (P
<0.05) increase of collagen solubility
when compared with samples treated with
common salt,polyphosphate and white
pepper and samples treated with water
only.Moreover, samples marinated with
pineapple 5% and pineapple 10% revealed
the highest collagen solubility when
compared with other treatments.The same
observation were recordedVaithiyanathan
et al. (2008)after postmortem aging of
spent hen breast andKiran et al (2014)
after tenderization of spent hen breast with
ammonium hydroxide.

Table (4) Collagen content and solubility of spent hen breast meat treated with kiwi (5% and
10%), pineapple (5% and 10%) and combination of kiwi (5%) and pineapple (5%).

‘

Treatments Collagen content (mg/g) Collagen solubility
Control-1 5.89+0.10° 15.79+£0.34*
Control-2 5.15+0.04° 15.60+0.22°

Kiwi 5 % 5.01+0.02° 18.22+0.50°

Kiwi 10 % 4,79+0.21° 19.08+0.18¢ |
Pineapple 5 % 4.15+0.02° 2033£037° |
Pineapple 10 % 3.94+0.06° 22.38+0.34" |
Kiwi 5 % & Pineapple 5 % 3.97+0.02¢ 19.8740.19° |

*Data are pr.esented by the mean of three independent replicates + SD
*& values with different superscripted significantly (P <0.05) different.

Control 1; breast meat dipped in water only.

Control 2; marinade containing salt, polyphosphate and white pepper

Sensory evaluation

Sensory attributes are the major factors
that determine the consumer acceptability
of meat. The sensory attributes of spent
hen breast meat treated with kiwi and

64

pineapple extracts are presented in Table
(5). Marination of spent hen breast meat
with common salt, polyphosphate and
white pepper resulted in non-significant (P

>0.05) increase of sensory scores of
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| ) derization effect (1981)observed significant
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the surface of spent hen breast meat. Op ceeptability scores after treatment of

Table (5) Sensory scores of Spent hen breast St Spent hen breast with bromelain,

differences j

9 and 10%) and combinati - treated with kiwi (5% and 10%). i
(5% ) tion of kiwi (5%) ang pineapple (5%), (5% and 10%), pineapple
Treatments prmjm -
Control-1 5.5020 50° m y lavor Juiciness | Overall acceptability
Control-2 530086 | 4005000 | 5y 33057 | 3661057
K.l“{ls % 5.66£0.57* | 5.6620575 | 5.8320.765% 5'6&3'?" 4'3310'57,,
Kiwi 10 % SER0TE | 6335057 | 633076 | pmam 3830, 16
™ Pincapple 5 % SE076 | 6662008 | 616:0.005 | 6165008 oo
Pineapple 10 % 4334028 | 6.66:0.28% | 633:0.28% | 6332028 | 6162025
T 20 . 0, & = - B 3 R 2
Kiwi 5 % & Pineapple 5 % |  5.50+0.50 6.66+0.28 | 6.33+028% | 6.33x0.28° 6332028

*Data are presented by the mean of three independent replicates + SD
*values with different superscripted significantly (P <0.05) different.
Control 1; breast meat dipped in water only.

Control 2; marinade containing salt, polyphosphate and white pepper

Conclusion meat processors to include spent hen meat
It can be concluded from this study that as a raw material during processing of

AOAC

tenderness, physico-chemical properties
and sensory attributes of spent hen breast
meat can be improved by marination with
extracts of kiwi and pineapple. Therefore,
these extracts can add value in the quality
of this type of meat and will encourage
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