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6  * 4*«’ EVALUATION OF ORIENTAL HIGH SUGAR DRIED PORK
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45-70%
product is influenced oy inkTthe Dro<iuct (Ockennan i, Kuo, re»x» • ~-“o.5 to “£

* ■  ¿ s r .  s w a m i  S 5 S W - -
salt and sugar is uncertain. . helnw 0 75 and a safe a,, level for.storage g ,̂ y

Dried foods generally have ^  values be (1979) also reported that dried.meat w usUa 
usually considered to be 0.70 or "ess. 117j^Viq70) reported that oxidative rancidity ^ 8 ? )  
sensitive to oxidative reactions» Lanuza v. .. . 1 _[_% vumr nnkeimwin and Kuo l
f________..— >.n fh a n  1 in the
sensitive tg oxida.ive^ction. 
increased with an tncre^se in the water a^ lvity re under their ex|ierunental coni^ vCls
reported thatdried pork h ^ ^ ^ i o r ^ a n c i ^ i t y ^ r «  ̂  ^  effect? ? f sugar and s a l t ^ ^eased with an increase under their ex[»runentai gy. yev<rted that dried pork had no n a i ^  rancigity p ooiei ^  effects CE sugar and salt i ^  

The purposes of this research were to l s) the water activity value (au > c <-c plate
^ I a \ ni ¿¡Shi0»«'. OH value! t o E l  SSroblcjlate count, total anarchic P

red

i S l w y s s ^  s e t  s 4 » c ” 3 s . , s » ® r . »  
s s k _ „ „  twi<1

PREPARATION OF SAMPLES. (J i^ d p o rk  tuo^i 19R^) or by. the oo,>yent»ooaA J0y«<
forced air.dryir« technique described by . ^  icl) reqUired more time.and labor- aS ¿gp
of dry curing with sun and r ^ ' ^ ^ ^ ^ i s ^ S l a r c h  but a more rapid drying method ^

wh?chnoonslsted of a f d 1L ?  h  21 Iv*ttowed'tfien ‘defatted of all subcutaneousFrozen, boneless ham was paitialiy ^ ciirps were divided into 9 treutm®
to 0.2 on thickness with a friwer sl icer. Tt ham si - - combination with 3 tiif ,f̂  sauc<' ^ d 11’

M & S S I i S E :  % £ & M £ b s i b !b ! a f t - “ - B R . w .  -  "
erythortvite (0.05%).



to Ham slices were cured for 36 hr. at 4° C. After curing, the edges were pressed together 
(jrj ^ lTn a large sheet and Dlaced on wire racks to dry in a forced air oven at 55 C. The

ln n i i i i i  1 WlLHUuL bCdUiKj, CM 1U OLW1.CM a t  ■> , . j  AT ,«—
treatment were randomly assigned to be held for 0, 7, 14 and 21 days. 

r9?Al£ated four times. . , p
CROn™jOGICAL EVALUATIONS AND ptl DCTICRMINATION. At each storage interval, each package of 

was ascentically removed and mixed with 90 ml of sterilized distilled water in a 
deffii-zed blender. After the microbiological determination, the same.solution was also used to 

erJhne the pH value of dried pork by a pi! ureter (Heckman Expandomatic SS-2). 
inr*.,K?̂ al aerobic plate counts were determined by using Tryptone Glucose Extract Agar aid 

at 37° C for 48 hrs. Tt>tal anaerobic plate counts were established by using 
wii-h°Vlc agar and incubating at 25° C for 3 days with an anaerobic iar (vacuumed and flushed 
111 nitrogen 5 times).

J^TEr ACTIVITY (a,*). The water activity of dried pork was determined with a hydrometer, 
al ilT'i VALUES. TtuoKarbituric acid ,TRA) values were determined according to Tarladgis, et. 
rean'i960) as described by (Vikennan (1984). A "K" value of 7.2 was experimentally obtained and 

cl were expressed as mg of malonaldehyde per kg of dried pork.

U r i i v i  c v u i u a i  i o u
renr'i...,if>i1)' flavor by using a 10-po
1 disliked extremely. . . . . . . .

Ustvi UATISTICAI. ANALYSTS. IV.(a were analyzed by analysis of variance and individual F-test 
* determine the significance of sugar, salt, storage time and the interaction effects , 

us were separated by the r<ui »Cel» i .. ’•leu Multiple Range 'Rest (IXincan, 1955) technique.

was 
effects and

Results and Discussion

the weight (%), dried weight (%), moisture content U) and water activity ( O  of
(P<n pork treatments are shown in Table 3. The cured weight of dried pork was affectedWith the

ights (%)
___________ _______ _____  __ to he

reati?*ent 8 which also had a higher cured weightSiciniF; orrver treatments with !*> arui zz.s* suq
hut iflcant (P<0.05) in all t.reabrents except t.---.-~v- - .......... . > . e ,
cXxrnff not large enough to be significant. In all cases, when the same level of salt is

the 22.5% si*jar treatment had an intermediate cured weight vhen compared with the. 15% 
sugar level although this was usually not significant. This suggested that a relative 

CondV!-^^6 of sugar based on its concentration would tie lost: during the curing process, thus, 
a hiriK''ra ,̂̂ e quantities of added sugar increased the weight of the cured pork and contributed to 

9her cured (%) in the dried pock.
9eneviVe dried weigtit of the product was also affected_(P<0.01) by the level of added sugar. In
of < 1 tlx; pattern was similar to the cured weight with tlx; treatments with hiqtier percentage

^a r having slightly higher percentage of dried weight.

tr6,Lrf®  moisture content (%) of dried pork was not significantly different among these 9 
(p<n n?.ts (Table 3). However, the water activity of dried pork, as expected, was affected 
tfrcn nil by salt. At each level of added sugar, the dried pork cur.xi with 2.5* salt had lover 

water activity than dried pork cured with 0.5* salt. rrt” C!®ÎOnîpi ' ALL 1V M.V LlL.II U H L
Sun^Slcant, of reduced water act 
Ruq*£ !evel when the 1.5 and 2.5*.

.. ___ ______ ________  ____  This trend, although not
ivity with increased salt was also suggested at the 15 and 22.5*

R*iar ¿!;vel.when the.1.5 and 2.5%'salt treatments'.were compared,^.In this study, the.effect of
°° water activity of dried pork was surprisingly not significant, e' 

its '¡l5îîc1 with added sugar. If the difference of concentrations of.added
effect

even though in general it 
sugar (*) were greater,

on water activity of dried pork probably would tie more significant, Panwart (1979) 
stuped that the water activity could be lowered by removing water or by adding salt and/or 
OriSa ark‘ that dried foods generally had water activity levels below 0.75. In this study, the 

P°rk had a water activity level from 0.81 to 0.88 which was high enough for moderate 
C dhvqla^ drowth; therefore, the dried pork produced by this technique was refrigerated at 4 

HK1 storage in order to increase its stieif-lite. „ . ,
T.ihlr. ,‘ total aerobic plate counts (log) of dried pork during refrigerated storage are shown in 
aer,je .1• At each level of added salt the treatments with 30* sugar, in general, had less total 
stoV2lc microorganisms than the other treatments with 15 anti 22.5* sugar during the 21.days of 
hc-ti?!'?- This suggested that tlx; addition of high levels of sugar could tx; effective in 
PerrxVt1*! tile qrowth of microorganisms in dried pork. Oqkerman (1983) rejxirted that high 

images of sugar (20-80*) were usually needed to retard bacterial growth in meat, 
had ,‘string the 21 day storage period, dried pork with hiqlxir percentiles of salt, as expected, 
s<lltIOwer (IK0.05) total aerobic microorganisms tlian dried pork with the lower percentage of 
iliorA, With the addition of 15* and 22.5% of sugar, the differences of total aerobic 
st^iPbrtlanisms among the 3 different salt levels became more significant with Ihe increase of 
in time. In general, this same trend v-ias also observed at the 30% sugar level particularly
Vxito”6 later stages of storage. Salt is used to retard bacterial qrowth in meat by reducing 
^ 83) acfivity, oxygen solubility and effectiveness of liacterial proteolytic enzymes (Ockerman,

as would be expected, with 
_ exoected to decrease due 
again as would be expected,

initial total aerobic bacteriai counts of dried pork in this study were higher than that 
lr'ior,Xu^ pork studied previously by Ockerman & Kuo (1982). This was probably due to different 
t̂ Xi.radiological coiviitions of raw materials , ingredients added, processing, drying and cooking 

‘UllQuOQ
storage, the 

aerobic
the total 

as

1 shows the total anaerobic bacterial counts of dried pork. DurirKj stor 
bacterial counts of dried pork were highly correlated with the
counts. Both increased sugar and salt levels were found to reduce (P<0.01| t 

-XnXxrnc hacteria levels. At each level of added sugar the treatments with 2.5% salt,
^•5% had slightly lower anaerobic bacterial counts than the other treatments with anu

at the 14-21 day sanpling periods. V/ith the same percentaiie of added salt, the 
*ithr?P * s  with 30% suqar also had slightly lower anaerobic iiacteria levels than the treatments

J ¿,nd 22.5% sugar. This suggested, as expecte<}, that the higher percentage of surjar (30%) 
Salt (2.5%) is more effective in retarding the anaerobic bacterial growth m dried pork.



The TBA values of Chinese dried pork during storage are shown in Table.2 ,  At zero  days of
t-ho t r a  mliipq amnm these 9 treatments, in oeneral. were not significantly dirier«"storage, the TEA values among these 9 treatments, in general, were not significantly d 

However, there is a trend of the TEA values increasing with the increase of storage tune After
level21 days of storage, the range for the TEA values of dried pork was from 0.31 to 0.42. JT>is £ no 

of low TBA values developed during storage of Chinese dried pork probably was the reason ci 
maior rancidity flavor was detected by the panelists. Ockerman and Kuo.(1982) reported tnar 
nitrite could act as an antioxidant to retard oxidative rancidity of Chinese.dried pork, soy 
sauce might also mask some of the rancidity flavor at low or moderate rancidity levels. h;aher 

At each level of added sugar, the treatments with 2.5* salt, in general, had slightly niu.s 
TBA values than the other treatments with 0.5 and 1.5% salt during the 21 days of storage- .̂  
suggested that salt would accelerate the development of rancidity of Chinese dried pork cur -y 
storage (Ockerman 1983). . , . . ,. , ... „,llies

At each level of added salt the treatments with 30* sugar had slightly higher TBA vaiyes 
than the other two treatments with 15 and 22.5* sugar during the ?-21 days of storage. *"i“raqe. 
indicated that sugar would slightly increase the TBA values of Chinese dried pork during 
This phenomenon is hard to explain; particularly when it is related to the a (0.8,-u .h o j. _ 
dried pork (Table 3). Since sugar would decrease the a^ .of meat (Table 3) and also slign y 
increases the oxidative rancidity rate of dried pork. .This does not agree with the “
Iabuza (1970) who showed that an increase of water activity (from 0.35 to 0.80) would also ter 
increase the oxidative rancidity rate; however, it should be.pointed out that the range oi »

time. This suggested that neither suqar nor salt itself affected the pH values ot t
pork directly. Kuo and Ockerman (1984) also found that the pH values for ff?«en beef were '
significantly affected by the addition of salt. However, sugar or salt could affect the pn 
values of dried pork indirectly by inhibiting bacterial growth. The pH values for all 9 
treatments slightly increased, as expected, during the 21 days of storage. However,,*-he p , 
values for most or the treatments (except treatment 4) at 7-day of storage slightly decre 
(not significantly) catparing to that at 0 time. This is probably due to the microorganisms . 
becoming acclimated to their new cured meat environment. ... , • k,,, d h

At the 21 day storage period, the treatments (1, 4 and 7 with 0.5% salt) with higher P y. 
values had hiqher total aerobic and anaerobic microbiological counts (Table 1). Therefore,, 
appears that the pH values for Chinese dried pork could be used as an indication of bacten

,U llllin 'o rder to detemine the most sensory acceptable recipe for dried pork during storages,® 
panel flavor of dried pork was investigated in this research. Since the flavor of this1C\J LAULIl TTUO 11IVVW W 1M VIW VM  *-»* '—1 “» “  w  ”  *      —   r  T  1 lC P t j  T
is very different from most western dried products only trained Oriental panelists were urr 

Table 1 shows the panel flavor scores of dried pork during storage. In g e n e r a l , " aS 
nork made with high sugar levels had hiqher panel flavor scores than the dried pork whicn « %
made with lower levels of sugar. With the same level of added sugar, the treatments wit^f• 
added salt seemed to have slightly hiqher panel flavor scores than the.treatments with 10 »= 
percentages of salt, liowever, these differences were not always significant.

After 7-day of storage, the 
the other treatments. This was [
microorganisms in this treatment v ^, — .... ^ — — ----~--- --  ----- --------_
7 had lower panel flavor scores than the other treatments after 14-day of storage.. This 
suggested that the treatments with higher a., would have higher aerobic and anaerobic daVs
microbiological counts (Table 1) and lower Sensory quality during storage. During the fv, J . 
storage, the panel flavor scores of all 9 treatments decreased with increased storage tiros, ^ lS 
however, treatments 2, 3, 5 6, 8, and 9 were still acceptable by the panelists at 21 dais, 
suggested that the dried pork with a lower than 0.85 (Table 3) would be expected to na d pe 
lonqer shelf-life. Therefore, in ordef to increase the shelf-life of dried pork, it shoui 
manufactured to have a,, values lower than 0.85 by adding more sugar and/or salt, or redye 
the moisture content, however, the flavor and tenderness (the drier, tne tougher) of atieu ^  the
sliould also be considered during processing. According to the description of the paneii» „fo) 
rancidity flavor was slightly developed at the 21-day storage.period. Ockerman and Kuo M  
also reported that rancid odor and rancid flavor caused no magor problem in dried.pork.unu 
their experimental conditions. Panel color and tenderness scores were, not determined in >- 
research: however, Ockerman and Kuo (1982) reported the color was partially affected by 
amount of sov sauce and degree of evaporation and tenderness scores were influenced by 
moisture content of dried pork. . . .  , . . . , „..le witn

This research would suggest that a satisfactory Chinese dried pork product can be ma 
30% sugar and 2.5% salt find satisfactorily stored under refigeration for 21 days.
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Table 1. The to ta l aerobic and anaerobic p late counts * ( lo g )  o f Chinese dried pork during storage

AEBQBIC ANAEKOBIC

1

2

3

4 

3 

6

7

8 

9

àr

1 Sa
lt 0 days 7 days 14 days 21 days 0 days 7 days 14 days 21 days

15 0.5 3.84a,w 5.11a,x 7.25a,y 8 .9 ? ’z 2 .3 5 ,3 ,w 4.12a,x 5.8?’y 7.1£p’2

15 1.5 3.74a,x 4.21b,e,x 5.79e,d,y 7.41t,z 2.34a,w 3.91a,x 5.38a,b,y 6.62a,b,c,z
15 2.5 3.66a,x 4.07b,c,x,y 4.4Se>y 6.20d,z 2.55a,x 3.61a,y 3.94^,e,y 5.72d,z

22.5 0.5 3.91a,w 4.78a,b,x 6.61a,b,y 2.49a,x 4.18a,y 4.39c,d,y 7.12a,b,z

22.5 1.5 3 . 8 3 a ,X 4.5CP’b,c,x 5.61d,y 7.39c,z 2.65a,w 3.81a,x 4.95b,c,y 6.04c'z

22.5 2.5 s-ss3’* 4.06b,c,x 4.81e,y 6.22d,z 2.333.x 3.61a,y 3.79d,e,y 5.04e,z

30

30

0.5 3.8?’* 4.41a,b,c,x 6.41b,c,y 8.25a,b,z 2.68a,w 3 33b,x ' 4.10d,e,y 6.61a,b,c,z

1.5 3.96c,x 4.51e,y 6.25d,z 2.4ÿ“,x 3.39b,y 3.69e,y 5.Ud,e,z

2.5 3.5?’x 4.Q2c,x,y 4.56e,y 6.11d,z 2.59a,x 3.40b,y 3.5f’y 4.88e,z

û*ta within colums with different letters (a,b,c,d,e) are significantly different (F<J0.05); data within 

r°"s within type of plate count with différait letters (w,x,y,z) are significantly different (P<0.Q5)

Table 2. The 1BA and pH values of Chinese dried pork during storage.

TBA VALUES

30

30

pH VALUES

0 days 7 days 14 days 21 days 0 days 7 days 14 days 21 days

0.5 0.20b>x 0.29b,c,y o.aoh^-y 0.33P>d>y 6.11a,x b.oya.b.x 6.223-7 6.28a*y
1.5 0.22a,b,x 0.27b'c>7 0.30b,c,y o.3id-y b.lCP’* Ô.OQ3^*11 A flpb.c,
2.5 0.21a,b,x 0.27b,c>7 0i30b,x,y,z 0.33e,d,z 6.04a,x 6.00b>x Ô.Ctf-3' Ô.OT0^

0.5 0.20b,x 0.29b,c,y 0.26c,y 0.34c,d,z Ô.OO3-* Ô.IO3-* 6.14a-b-x 6.17b*y
1.5 0.22a,b,x 0.29b,c*y 0.29b,c,y 0.36b,c,d,z ô.OT3’* 6.05a,b,x 6.04c,x 6.07e•*
2.5 0.21a,b,x 0.25e'* 0.33a>b>y o.37b*c>y 6.093-* 6.02a,b,x 6.06b-c’x 6.07e-*

0.5 0.24a,b,x 0.30b'y 0 .34a,b,y 0.39a,b,z 6.M?-x-y 6 .06a-b>y 6.09b-c-x-y 6.17b,x
1.5 0.24a,b,x 0.36a*y 0.36a>y 0.40b,b,y 6.10̂ >x 6.04a,b,x 6 .07b,C,x 6.07e*x
2.5 0.26a,x 0.36a*y 0.36a>y l O ^ ' 2 6.05a,x 0 .03a,b.x 6.06b,c>* 6.06e-x

tÏA C°1UniS With different letters (a.b.c.d) are significantly différait (P<0.C6); data within rows for
"«s and for pH Values with different letters (x,y,z) are significantly different (P<0.05).

ji J”3 <f-^e



Table 3. Hie cured weight (%), dried weight (%), moisture content (%), water activity (a^ 

and panel flavor scores of Chinese dried pork .
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i
Cured Dried 
Weight Weight 
% of % of 

Original Original
Moisture
Content

X

Whter
Activity

< ®w )

PANEL FLAVOR SCCRES

0 days 7 days 14 days 21 days

1 62.30c 54.10b 60.63® 0.88® 6.5e’w 5.5C’X ' 4.5d'y 2.0e’z

2 61.93c 54.23b 61.23® 0.84b,c 6.8d,e’X 7.0®’b’x
7 ̂ .b.x 5.6b,c,y

3 62.50c 54.90®’b 60.9(f 0.82c 7 oc,d,e,X . 7 ja.b.x 7.0®’b’x 6.4®’x

4 63.30b,c 55.78®'b 60.33® 0.88®
6>9d’e,x 6.5b’x’y 5.8c’y 2.1e’z

5 63.43b,c 55.83®'|b 6I.8OP 0.85®’b’c
7 2c,d,e,x 6.ff'b'x 6.5b,c’x 5.4c'y

6 62.90c 55.18®’,b 61.61® 0.82c 7 4b,c,d,x 7 7i2a,b,x 6.0®’b’c,y

7 66.78® 57.58® 60.80® 0.86a,b 7.8b'C,X
7>3a,b,x,y 6.5b’c,y 3.2d,z

8 64.33^ 56.70®’b 62.83® 0.81c 8.2®’b’X 7.5®,x,y 7 2a»b,y,z 6.5®’z

9 66.18a,b 57.13® 61.65® 0.81c 8.ff'X 7.5®’y 7.4®’y 6.3®’b’z

U Etta within colurms with different letters (a,b,c,d,e) are significantly different (P<0.05); data

data within rows for panel flavor scores with different letters (w,x,y,z) are significantly differen

, 0 . 4 3 TIME OF ENTRY OF METAL (XNTAMINATTCM i nto a  co m m i n u t e d m e a t pro d u c t

H. W. Ockemian and B. Boesel, Department of Animal Science, The Ohio State 

University, Columbus, CH 43210, U.S.A.

INTRODUCTION j,
Th^ fnnri industry is periodically presented with the problem of unintentional or intenti

“ ^ S ’S f S A ' S S I S n "  i f S t j l S i i . i n . t i o n  I -

Sit ™ , ’S r y  det-dlna

¡ i ^ S  while it  v^I in the care of the prcxiessor, distributor or consumer.
MATERIALS AND METHODS ^

28° C. Each babc^yielded anoroxunately 70 franks which were held in storage a




