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Introduction:
Camels are prevailing in abundance in the middle east especially in Egypt. However* 
consumption of their meats would be ascribed to their toughness. Therefore, the tend® .. 
process of camel meat would encourage more consumption of the elder animals saving ot
types of livestock that are considerably highly expensive due to their better quali^ .¿o'" V JTenderness of meat was associated with the solubility of different fractions of -gt ftJ—  ----- —  — — ~ vviui uuc auiuuiiity ui q i rrerent tractions oi po* <it;
terns and on the other hand, the solubility of muscle proteins are influenced by
tern conditions (Hegarty et al. , 196 3) . The most common method of improving fresh
is aging. The correlation between increased tenderness and aging has been establiŝ e
and Gilbert, 1969 and Davis et al., 1975).
Prior to refrigeration techniques curing and smoking of meat and meat products was pi?*, ------- a - •- • ----  £°°“*o.rj9to increase its shelf-life (Lawrie, 1975) . Meanwhile, with the progress it 
vation techniques, curing and smoking have been used to impart desirable flavor chat ~ 
tics and improve the appearance of products ( Jeremiah ., 1978). The effect of I1,,
cess upon the functional groups of proteins has been examined by several workers, 
observed a decrease in PH of smoked meat while Kido and Tomto,(1967) reported an int 
between various phenol components and individual amino acids. _a a*1“
Collagen is the major protein component of connective tissues and is found in all f0t
tissues, including muscles. According to Harding (1975) , the changes in collagen ^  CQt 
the gradual intorduction of intramolecular and intermolecular crosslinks. Little in ^  
is available in the literature concerning camel meat. Therefore, the primary objeft 
present study includes the identification of the favorable conditions which help 
camel meat through aging, curing and smoking and to introduce a product with a ^ 5 '*■* 0. , -1 '    H ~~— *—* * * * - 3  V-W XiU,J.WUU^C Cl UUUUL WlWl <-*■  ̂-1 Qty/tf P
characteristic, At the meantime this part of the study was concentrated on the f°*L c
changes that might occur in the different fractions of the nitrogenous components 
tive tissues and the pigments of camel meat due to the aformentioned process.
Materials and Methods: ,

r tf J,Meat used in this study was taken from the muscular parts of male camel meat of 1' \\0^ : i11
old of both longissimus dorsi (L.D) and Bicepes femoris (B.F). Meat samples within 
slaughter were refrigerated at 4 C for 36 hours.before treatments. Each muscle was
to five equal parts, with approximately the same dimension and weight (about 1.5
Treatments:
1 Curing process: Dry curing was done by applying the added curing recipe (which coJ
100 gm. salt - 0.5 gm. NaNO^: 0.3 gm. NaNC>2 in proportion of 100 gm. mixture to 1 . 0

to the surface of the fresh meat parts by rubbing. 1
2- Aging process: After curing meat cuts were hung in cold storage at 40 F for ¿if 
iods. Thereafter, meat samples were taken periodically every week for smoking a-1̂  $
analysis until the fourth week of aging. ijtf
3” Smoking process: At the end of aging meat pieces were smoked in a smoking hots© 
moistened sawdust. Smoking periods were varied from 10.5 to 12 hrs. inversely with 
periods of samples. Smoked meat samples were wrapped in cellophane and kept under 
tion at 40 F for a period of 4 weeks. irfKl. S0 > f t  A
Chemical analysis: Total soluble nitrogen (TSN) , soluble protein nitrogen (SPN) ^ f l ®  f) ^ 
non-protein nitrogen were determined as recomended by Weindberg and Rose (1960)/.'Jg (f^tt
nitrogen (TN) was determined according to the A.O.A.C. (1970).^The free amino aci0!d 
fractionated and determined as described by Block et al., (1958), while collagen a pi9̂  
were estimated according to the method of Vognarova, et al., (1968). The total Hea 
(THP) and the nitric oxide were determined using the method of Hornsey, (1956)•
Results and Discussion:
The moisture^content of fresh camel meat was 77.5% and 77.1% in L.D. and B.F sM c[. _ _ iiiv— ox w  '  '  •  —'  O a u u  /  /  « X  o  X I 1 Xj .  L> .  U I l l X  i - ' * •*- 3  Ql- y. > ( W ,

tively. During the aging process at 40 F , the loss in moisture content increase
to reach a maximum of 10.89% in L.D. and 11.64% in B.F. after 4 weeks of storage _ & e. J_ __ _ . , , , . _ ..«1 1 ~0.Q. £mainly due to the lowering effect of aging on the water holding capacity as well , Of saltina hpfnrp aaina. Hnwpvor i ____• ___ ____in^1

A  J1
s® .1 «5 J____  ̂ V

of salting before aging. However, during smoking the loss in moisture content in®4  ̂'}A
ly reaching an average of 14% in L.D & 17% in B.F. muscles. It was found that 1"^ A&
when aged for only one week before smoking could be preserved for 2 weeks at 40 repi® ̂  
loss in^moisture of 15.56% of which 13.47% was lost during aging and smoking aI? *
-available product containing the highest moisture content i.e. 57.52%. Mean whil^^  ̂vĥ iw
when aged for only one week before smoking could be preserved for 2- 4 weeks at s$°
total loss of moisture of 19.76 to 21.33% of which 17.18% was lost during aging 
and represent the available product with highest moisture content of 53.5 - 51
Fresh camel meat contained on the average TN 15% TSN 5.5%, SPN 3.4% and SNPN

re( ’i

no differences were found among the two muscles under investigation. The resulta 
clearly indicated that the TN was not affected by the different process, i.e- cU
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L9es in TSN, SPN and SNPN during aging, smoking and storage of cured camel
L.

Smoked
Dorsi
smoked-stored for Aged

B. Femoris
smoked--stored for

2 wk. 4 wk. 2 wk. 4 wk.
A- TSN

5.507 5.498 5.472 5.591 5.440 5.438 5.412
5.519 5.4 90 5.467 5.617 5.457 5.445 5.4135.545 5.527 5.508 5.638 5.492 5.468 5.439
5.571 5.554 5.522 5.649 5.511 5.549 5.4555.591 5.565 5.535 

B- SPN
5.678 5.516 5.498 5.469

3.417 3.411 3.394 3.430 3.394 3.383 3.3703.546 3.538 3.532 3s-552 3.490 3.481 3.4743.705 3.690 3.683 3.683 3.628 3.611 3.591
3.755 3.741 3.720 3.713 3.662 3.640 3.623
3.768 3.748 3.719 

C- SNPN
3.747 3.671 3.662 3.633

2.090 2.086 2.077 2.161 2.056 2.054 2.041
1.972 1.952 1.934 2.064 1.966 1.963 1.938
1.840 1.837 1.428 1.955 1.864 1.856 1.848
1.815 1.812 1.802 1.936 1.842 1.852 1.831
1.823 1.816 1.815 1.931 1.844 1.835 1.836

tk
NÍ1

*>k:in
ion as salt free meat on dry weight basis.

3.
;kStsbs°rptiSUght Persisted increase in TN was noticed after smoking which could be due
'L  ^  O f  S n m P  n i  f r n n p n n n c :  p n m n n n n r l  q  i r n m  c m n l r o  r - n m n n n  o n  4-  cr rp u  ^ n t - n l  + -1-V  Pt ^  inc n °f some nitrogenous compounds from smoke components. The results (Table. I) 
!:i5% 6jCeSs R a s i n g  trend in both TSN and SPN and a decreasing trend in SNPN during the 
\ ‘P,  ̂by camel meat. These trends reached their maximum after 4 weeks of storage. SPN 
(,̂4 ,e Se in L.D and 9.24% in B.F., while SNPN decreased by 14.8% in L.D and 11.9%

i974) endings are supported .by the results obtained by Kamal et al.f (1970) and
2°ncerning the general trend of nitrogen compounds through the aging process 

fj n®an while the smoking process slightly decreased all the soluble protein and
—   -- r  — •   1   - ■ w w J- w ccxn kAWiu v- ur tx —

y'tQ "its (^T^xun as a result of the water loss and reaction between the smoke components 
fte not entirely due to heating, Randel and Bratzler, 1970) .

t̂i% ^ i cect;L? nino acids in fresh camel meat was found to be 6.41% in L.D. and 5.11% in B.F. 
"f ¥ after the addition of curing salts. During aging, there was a pronounced

it - * - U q  4 -U  . ----------------------------- --------------------------  -------------------77 — ZJ-------J ! XX

H, jsP^cise ne first two weeks due the activity of proteolytic enzymes. Thereafter, the 
tati Was slowed down- The smoking process as well as storage thereafter resulted 
^iinn°n °f free amino acids (Fig. 1 & 2) , as all samples showed an increase *
6hzvmaCids after smoking and storage depending on the accumulative activity of 

IxV^e j Sl The free amino acids were identified during the aging process of cured
/ ®istinaSbl calned meat in both L.D & B.F muscles was characterized by the presence 

/  ̂rs nf ln®r Arginine, Aspartic acid and Alanine as the only free amino acids.
aging ( the presence of cysteine, lysine, glycine and Methionine were detec- 

ascribed to the break down of camel meat proteins which might occured natura-^STbeOf
P t f i  ------XV-X x y x v  X X W ..XX w x .  V v<X IU C .X  A lit-C A L - j J A  U  L C J - J I O  W U 1 U I  I l l - L y  11  u  U U U U I C U  I l d X _ l

V%h Uh ^Gi-cls Senc^ of proteolytic enzymes (Locker, 1960) . By the second,week of aging1\7 r*6 lden 11 f 1 0H I ̂ 0 ^ V> mn IT 1 n 1 nm i m rt T  c* 1 r t  11 4 x k*  ̂W . •» «  4 m  / \  T- 4  — L. *  —___f 4_____n-vi '<> — i-y 0_ -- xuwutAixgu j-.c . phenylalanine, Isoleucine and leucine, which confirmed
skpia tde activity of proteolytic enzymes during the aging process, and also 
^ Dhrii!ati,on to the increasing concentration of other free amino acids (Motoc and

yS
U l i f  j  n  ------ w*—  — WXVAAWX-A.L-J.LXV-X.VVAA w  j .  c i t u c i  J - J - C d  caili-l a a w  a u i . U a  U 'l U L U U  d l l  Cl

, • g tlle third and fourth week of aging no new free amino acids could be iden-
ug Was an increasing concentration of the free amino acids in both L.D & B.F.

yt, j*h 0at9ini^nt °f amino acids in both muscles was not varied greatly. However, the
y el meetand aspartic acids in L.D was two fold of that in B.F. Cystine was found 

VHh , Cteacat but uPon aging it disappeared to give cysteine in a steady increasing■ f ® Of aminn a r11 H riucf inn i n H -I nifno +-K a -»yirtv* A_ — 4    — i _  i _'U  ‘ H  [u V" C1 S P  — V -  --------------XT AT   ZJ   —   — —  t v t - t -  LAtx jr AAA W J. L . U O A

°sin) of amino acid cystine indicates the aggregation of protein molecules 
6 ih^th tioh a which is quite responsible for the stiffness of the muscles through acto- 

diUring rig°r development which was expected to dissociate into actin and 
V  ^hiCicis Wea£pefrance °i cystine and the presence of cysteine. However, no further

ettinĥ "6 rdentified either after the smoking proces or after storage for 4 wks. 
6 iUaii asized the importance of the aging process in improving both meat tender-

t \ 7  r\ -F --- -------a.  _______ j 4  

^  1jlec^^Ve tissues, the results indicated that collagen percentage was two fold
lt:Y of camel meat proteins.

S & S T " totha " meat, and that the connective tissues percentage were slightly
in L -°. muscles. Figs. 3, 4, 5 and 6, clearly revealed that aging has 

w ’  ̂ggi,, ect on collagen reduction than both smoking and chill storage. However,3-Ulq st-arfo^ .ft™ 4-U-  ___ J  i. _____ ___J ____ - .1 ___. „- we,16k'as^1.htarted after the second week of storage and reached its maximum after 
“ ' J ' ” D. and 15.3% in B.F. On the

| V \  . ____________ ______________
'*'0Wa6'*'asti tile reduction percentage reached 12.3% in L

ektentalS<? WaS found to be affected by the different processing treatments, but 
’ i.9?-1- intr F̂igs- 4 & 5) ■ Tke changes in connective tissues during aging may be due 

'8, °duction of intramolecular and intermolecular cross links as reported by
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FIG. (1 ): TOTAL FREE AMINO ACIDS IN DIFFERENT PROCESSED

CAMEL MEAT AT DIFFERENT AGING PERIODS ( L. D )

FIG.(3): PERCENTAGE REDUCTION IN COLLAGEN IN DIFFERENT 
PROCESSED CAMEL MEAT AT DIFFERENT AGING 

PERIODS (L .D )

FIG ( U ) PERCENTAGE REDUCTION IN COLLAGEN INDIFFERENT PROCESSED 

CAMEL MEAT AT DIFFERENT AGING PERIODS ( B F)

FIG ( 6 ) :  PERCENTAGE REDUCTION IN ELASTIN IN DIFFERENT 
PROCESSED CAMEL MEAT AT DIFFERENT AGING 
PERIODS ( B.F)



237

\  2; Ch— „ ^ e s  in color of cured aged and smoked meat during storage at 40 F
A9ing 

N Petiod 
"'''^eks)

0
1
2

\ 3
4

0
1
2

\  3

St
Vi6, 2
SÍ? thsho

Pigments concentration 
(nitroso-pigments N.P) Total pigments (THP)

Aged smoked smoked-■stored for Aged smoked smoked -stored for
2 wk.

0.760 0.768 0.758 0.743 0.522 0.518 0.500 0.4940.755 0. 760 0.755 0.730 0.502 0.524 0.508 0. 4900.742 0.750 0.739 0.725 0. 490 0.509 0.498 0.4850.705 0.715 0.705 0.702 0.482 0.490 0.485 0.4750.700 0.712 0.695 0.680 0.476 0. 480 0.482 0.478

0.769 0.742 0.724 0.709 0.503 0.524 0.516 0.5120.764 0.770 0.742 0.715 0.494 0. 500 0.494 0.4880.755 0.760 0.760 0.732 0.490 0.498 0.490 0.4820» 716 0.722 0.722 0.720 0.480 0.485 0.482 0.4740.723 0.720 0.725 0.718 0.472 0.478 0.470 0.466

d7?Lthe Ganges in both nitroso-pigments (NP) and the total heme pigments (THP) ̂j n . J-Ierent nmfpscina +-T-e»a+-m£»r*+- O -i ^ ~ -i ---1.-;  _i______ ___
K V e a *  th, processing treatments i.e. curing,aging and smoking, no changes were
»¡Sbt1 to th^P^ Urin? the aging process which was extended to 4 weeks. This could beL Q  t t  3  3  3  r  ^  ”  '-*•3* c a u c u u c u  t t /  i  W C C J i b  •

as ter,6 tormation of either or the stable nitric oxide heamoglobin or nitric oxide 
V ‘2$' che THp°rted Mohler (1970). While on the other hand, there was a decreasing 
S the P Values during the aging process (Table. 2) . The decreasing percentage reach-

Qf Co-, nd.°f a9ing period (4 weeks), and could be expalined on the basis that this 
St’ thI’'6thaemr ancludes other unstable pigments such as reduced haemoglobin, oxyhaemoglo- V 6 s®okj9l°bin which stay uncombined with NO as reported by Hornsey (1956). Mean

invest? Process resulted in general improvement of color of smoked meat. The camel 
°f Sm tgati°n conserved in general, more than 90 % of its color in the end product 

? (the PH lng Process could be attributed to one/or the following: acheiving an acid 
V 0 Vielrt Value decrease from 6.3 to 5.7) which encouraged the decomposition of 
’tg t the rer|nitric oxidef the low level of 0- during smoking activates the formation of 

6achecj 9cti°t °f Met-MG to NO-MG and in addition the prevailing temperature during 
the optimum for nitrite reductose enzymes.
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