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INTRODUCTION

Dried pork is a very popular, tasty and nutritional Chinese meat product. It is made from partia)
ham or pork loin which is sliced paper-thin, soaked in a curing mixture for 24 hours and then Placed g]jgn
overlapping on a lightly oiled bamboo basket. The meat slices are then placed outside for air drying |
conditions are appropriate until they reach approximately 50% of their original weight, The meat sliceg
cooked at approximately 150°C on a grill until brown (Huang, 1974). This conventional manufacturing et
quires a great deal of labor and time in addition to being non-sanitary and depending upon natural envip
conditions, Karel et al, (1975) defined intermediate moisture foods (IMF) as product with a a
0.9; and, a moisture content ranging from 20 to 50%. IMF are sufficiently low in a . to preven¥
However, these foods may be susceptible to yeast and mold growth unless appropriate preventive measureg ﬁ
(Troller and Christian, 1978). :

Dried meat is microbiologically stable but is subject to oxidative and browning reactions. The o%
the lipid portion of meat can result in rancidity. The removal of all visible fat and the packaging of g}
product using an lnert gas or vacuum will help retard rancidity (Banwart, 1979). Labuza (1970) showed an
in oxidative rancidity rate with an increase in water activity (from 0.35 to 0.80) in food. However, he
include products with a a, value of 0.90,

Cross and Ziegler (1965) concluded that nitrite minimizes the oxidation of unsaturated lipids, Hadd
(1975) stated that nitrite can retard the rate of oxidative rancidity (TBA value) in comminuted pork,

This research was conducted to develop a new economical, practical technique to produce uniform and
high sugar and high salt dried pork. In addition the effect of nitrate, packaging method and storage tima
pork sensory properties, residual nitrite, TBA values (lipid oxidation) and microbiological counts were 8

MATERIALS AND METHODS
Preparation of samples and experimental design

Hams were collected after 4 days aging at 1°+1°C and boned from pigs slaughtered at The Ohio State Ui
Meat Laboratory, stored frozen approximately 2 weeks at -32°C and thawed (3°t1°C) for 48 hours prior to

All subcutaneous fat was removed from the hams prior to freezing. Four palrs of hams were assigned to two
groups of four hams each. Group l was dry cured, 62 g per kg of meat, using a mixture of brown sugar (7
salt (19.4%), sodium nitrite (0.29%) (180 ppm of meat block), and sodium nitrate (1.2%) (740 ppm of meat b
Current procedure allow use of nitrite and or nitrate in dry cured products as long as the residual nitrit
not exceed 200 ppm (Federal Regulation, 1975). Group 2 was cured with the same ingredients except no 8o
nitrate was used. The curing mixture was evenly rubbed on the surface of each ham and the whole boned ham
then tumbled at a speed of 12 revolutions per minute for a 5 hr. continuous cycle. The hams were held in
cooler (3*1°C) for 7 days following tumbling. Before further processing, the hams were again tumbled for
The hams were pressed (24.5 kg/sq cm) and shaped in a rectangular mold by using a Carver Laboratory Press,
B (Fred S. Carver Inc.) in order to produce a uniform, compact finished product. Hams were cooked within E
molds in an oven at 177°C to an internal temperature of 63°C, cooled, removed from the molds and sliced to
cm thickness., The ham slices were soaked in soy sauce (Kikkoman) for 12 hours to obtain a desirable fl;vot
color. The soy sauce contained 16% salt and the absorption increased the salt level of the finished proc
Finally, these ham slices were dried in a forced air oven (The G. S. Blodgett Co., Inc.) until reaching 3?'}
imately 45% of their original weight. This manufacturing procedure for dried pork was' developed by varying
of the production parameters and evaluating the finished product to simulate dried pork produced by the colt
tional method. The sliced dried pork was either vacuum packaged (LC Flex 90366 film by Smith Co., Vacuull o
Super Vac) or non-vacuum packaged (LC Flex 90366 film by Smith Co., non-sealed). Packages for storage t:s .
placed in a cooler (3#1°C) without exposing to light. Packages of dried pork were randomly assigned to e
for 0, 4, 8 and 16 weeks at 3t1°C,

Analytical Methods

Moisture, crude fat, protein, ash, residual nitrite (Griess reagent procedure) and salt con
finished products were determined according to ACAC Procedures (1975) as modified by Ockerman (1980).
content was determined by subtracting the percentage of moisture, fat, proteins and ash from 100%.
Thiobarbituric acid (TBA) values were determined using the distillation method of Tarladgis et Ei.péf
as modified by Zipser and Watts (1962) and as described by Ockerman (1980). A "K" value of 7.29 was exp
mentally obtained and results were expressed as mg. of malonaldehyde per kg of sample.

A hydrometer (Hygrodynamlcs, Silver Spring, MD) was used to determine the water activity.

The pH of the dried pork was determined with a Beckman Expandomatic $S-2 pH meter according
(1980).
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rorage interval packages were carefully opened to prevent microblal contamination of the meat samples,

a5 removed and mixed in a Stomacher (Model #400, Dynatech Laboratory) with 180 ml of distilled
e Wé

plate counta were made by using Tryptone Glucose Extract Agar (Difco), and incubating at 37°C
id produclng bacteria, yeasts and molds were all determined by using the Tomato Juice Agar
L ubating at 37°C for 5 days, Coliforms were evaluated by using Violet Red Bile Agar (Difco) and

/ inc!_-;oc for 24 hrs. Anaerobic microbiological counts were established by using Anaerobic Agar (BBL)
i:ssat 25°c for 5 days in anaerobic jars.

Evaluation
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panel
were served without reheating to each of the six (5 Oriental, 1 American) members of a descriptive
e .1, Panel members averaged 5 years of meat sensory panel evaluation. Panelists evaluated each
; 'Panedérness' color, rancid odor (by olfactory evaluation) and rancid or off flavor (by gastatory and
:eq ation) and overall acceptability, using a 10-point structured scale with 10 representing extremely
Evaiz color, rancid in odor, rancid in flavor and acceptable and with 1 representing extremely tough,
; not rancid in odor, not rancid in flavor and unacceptable.

color,

Analysis

were analyzed by analysis of variance procedures of the Statistical Analysis System (SAS) and Maximum
General Purpose Program of Harvey (1977). Individual F-tests were used to determine the significance

' packaging method, storage time and the interaction effects. Means were separated by the Duncan (1955)
L

RESULTS AND DISCUSSION

1 shows the proximate composition of the product prior to processing and of the dried pork. Dried pork
‘@ high percentage of protein (38.9), sugar (8.0) and salt (7.6). However, it only contains 6.3% fat.

g from considerable quantities of the fat being cooked out during dehydration of the product (initial
nt was 19.1%). The residual nitrite at the various storage times is shown in Table 2. There was con-
variation in residual nitrite levels and the analysis of variance indicated a highly significant differ-

+ to nitrate, vacuum packaging and storage time. The interaction of nitrate x time, and vacuum packaging
also significant (P<0.01). At O time, there was no difference between the treatments. However, the
nitrite + nitrate + vacuum packaging had the highest quantity of residual nitrite among all groups at

d 16 weeks of storage. The nitrite + non-vacuum packaged group had the smallest amount of residual

| throughout the same storage time. Obviously, this suggested that nitrate had been reduced to nitrite
torage. Vacuum packaging retained a higher residual nitrite than non-vacuum packaging after 4, 8 and 16
érorage. This suggested that nitrite could be broken down faster to nitrous acid in non-vacuum packaging

pitrite could be oxidized to nitrate, Cassens et al. (1974) reported nitrite may undergo auto-oxidation
n the formation of nitrate and nitric acid.

Table 1 - The proximate composilion of the product prior to
processing and ihe dried pork

Prior lo processin Dried pork
P 9 P Table 2 - Residual nitrite” {ppm) in dried pork as influenced
Water % 59.9 38.4 by nilrate, packaging method and storage lime,

Protein % 20,5 38.9 Vacuum packaged Non-vacuum packaged
Fal % 19.1 6.3 Weeks 0 4 8 16 0 ) 8 16

Ash % 0.5 8.4 Nitrate +

Sall % 7.6 Nitrite cure 3.5

0. %31 5% X7, 58 X1 38 X 3 5D ¥y 564y o Xyg 48 %

Sugar % ; nitrite cure 36, 3% %24.05Y14,3% V10,08 Y 36,30 %17, g% V1, 30 g g8 *
a
W

oH # Datawilhin horizontal rows wilhin packaging trealmenl wilh
5,80 3 . dilferent letters (b, c,d, ) are significantly different (P<0, 01):
data within vertical columns with different letters {x,y} are
significantly different (P<0.01),

al
~Ash value determined by subtracling other composition
values from 100,

b
= Sugar value determined by subtracting the percenlage of
| moisture, fal, protein and ash from 100%.

<;;-]7-5§our groups, residual nitrite decreased with increased storage. This agrees wit}} the.: work of Kemp
Hool ¢ ¥ho found decreased levels of nitrite in vacuum-packed dry-cured sliced hams with increased storage
ey, ord and Cassens (1977) indicated that there was a general dissipation of nitrite with storage time at
18 rate due to various reactions of the NO? ion with meat tissue.
.ues Were sipnificantly affected by the presence of nitrate (P<0.0l), vacuum packaging (P<0.01) and
¥ gng-ﬂl}. The interaction of nitrate x time and vacuum packaging x time was also significant (P<0.0L).
© various treatments stored at 3+1°C for different intervals are shown in Table 3, At 0, 4 and
Broups showed very low TBA values (less than 1.0), However, TBA values increased sharply during the
& period. The difference was significant (P<0.0l) among the 4 groups., The group with nitrate +
M Packaged had the lowest TBA value (2,76) and the group with nitrite <+ non-vacuum packaged showed
vValue (7.46), These results suggest that nitrite/nitrate and vacuum packaging can be used to
3 ;f dried pork stored at 3:#1°C. Hadden et al. (1975) reported nitrite retarded the rate of oxida~
eer, o0ladi et al, (1979) suggested that nitrite protects against oxidation of phospholipids, Ni-
na 25°r19d a4s a metal chelator for trace metals present in meat which are catalysts for lipid oxida-
— 8l., 1980),
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> Color, rancid odor, rancid flavor and overall acceptability are shown in Fig. 1 at various




| Nitrate v Kalrite 1 Yacuum Packaged
rate « thinile + Non-vacuum Packaged

Table 3 - Oxidatlve rancidilya (TBA value tn drled pork as

influenced by nitrate, packaging method and storage
time, 9

P
o = =

Tanderrsit dcore
>

Vacuum packaged ”“m;m—-—
==l Mkl
Weeks 048 b ?-—T_'T"""'ig-
fitrate 1

nitrite cure 0.17%%, 18% %0 42

b,

%2.16%% 0,170 %, po0r %y 60%%g 258, x

Nitrite cure 0,18 %0, 27% %0, 64% %, 348 Y 0,180 %) #5%%0 gy, by

——
d Data within horizonlal rows wilh different letlers {b,c,d) are

- o signilicanuy different {P<0,01); data within vertical columns
wilh different letlers ix,y) are signiflcantly different {(P<0, 01y,

Hancid 10.0
[
an
o 2 intervals of storage (3%1°C). Tenderness L
S (P<0.05) by vacuum packaging and storage time 2
Lo by nitrate. Vacuum packaging retards moistyre
during storage which should maintain a greatey |
derness than non-vacuum packaged dried pork par
larly In the late stages of storage. Color gep
not significantly affected by nitrate, vacuum g :
20 y and storage timej but, are in almost reverse oy,
0 4 tenderness scores (the darker, the tougher) s wh

1o would also be influenced by evaporation,
Kol Rancid 0,0

Wangi Odwe Seore

Ranceg Flavor Seorm
>

) In general, rancid odor scores increased with
g creased storage. However, the rancid odor seorag:
8 relatively low (below 4.5) even after 16 weeks
storage. This may be due to the dried pork baing

served cold without reheating. Most of the vo

compounds were hard to detect by the panelists,

of

Yl Arcrgliote 10 '; 14

As shown in Fig. 1, rancid flavor scores .'.‘-
increased with increased storage except during th
last storage period for group 4 which had the hi
average TBA value at 16 weeks of storage (Table

Slorage Time at 3 « I°C reahs)

Figure 1 - Tenderness, color, rancid odor, ran-
cld flavor and overall acceptability scores at
various intervals of storage for dried pork.

The only explanation for this is that soy sauce may mask some of the rancid flavors at high rancidity levels fi
dried pork. Cho and Bratzler (1970) stated that nitrite is important in developing the unique flavor of cure:
hams. The role of nitrite in dried pork flavor is not so important, since most of the flavor comes from S0y ..
sauce, sugar and salt. The purpose of adding nitrite/nitrate to dried pork is to retard oxidative rancidity
bacterial growth during storage.

The overall acceptability was not affected by nitrate and storage time (Figure 1). It was, however, &ff
(P<0.05) by vacuum packaging. Since vacuum packaging would be expected to reduce the evaporation of moistur®
ing storage; therefore, it should maintain the tenderness of dried pork compared to non-vacuum packaged prod
open to the atmosphere. Rancid odor and rancld flavor cause no major problem (values never exceeded 5,0) in di
pork; and, the overall acceptability was probably most influenced by tenderness.

Tables 4, 5, and 6 give the effect of nitrate, packaging method and storage time on microbiological €0l
(log 10) of dried pork. The total plate counts, lactic acid producing bacterial counts and anaerobic counts:
dried pork were affected (P<0.01) by storage tiie at 3#1°C. Both in vacuum and non-vacuum packaging, the col
(Table 5) of lactic acid producing bacteria, in the nitrate + nitrite group were equal to or higher than thal‘.l.
the nitrite group. Kemp et al. (1975) suggested that nitrate could enhance the growth of lactobacilli.

Table 4 - Total plate counts® (log 10} in dried pork as influenced by Table 5 - Lactic acid produelng bactedal eounts” log 101 in dried pork
nitrate, packaging method and storage time. as Influenced tiy nitrate, packaging methed and storage lime

Vacuum packaged Non-vacuum packaged Vacuum packayed Than-vacuuin packged
Weeks 0 4 8 0 4 8 16 Weeks 4 i 16 0 4 8 LA

Nitrate + Nitrate + b
nitrite cure 2, 67™ %3, 285 4 25%

3 d, %, 6%
s 108 % 2 6™ ", 26% F, 30 K5, 116 Nitrite cure  1.00% 1, 39%%2,72% %3 565 % 1.og® %1, 30% Y2.11% 3,55

¢, X5 cpl X
Nilrite cure 266573205 R 20 %5 110 2 gl Yy agf K s g5t Nitrite cure 160" *130% %2, 719 %3 568 %y ool %1, 155 %2, 707355

L T

ignificantly

2 Data wilhin horizontal rows wilh different lellers (b, ¢, d, e) are sionificanlly ? Dalawithin horizontal rows with different lelters ib,c,d,e) are Slms xy

differenl (P<0.01); data within vertical columns with different lellers (x, y} diﬂer‘entI(P<0.Ul)-,. data within vertical columns with different el
are significanliy dilferenl (P<0,01), are significantly different (P <0, 01),

Coliforms, molds and yeasts were not found in this study. High percent sugar (8.0) and salt (7.6), LoV fg

(0.90) and low storage temperature (3+1°C) probably inhibited their growth during the storage period.

Table 7 shows the correlation coefficients between chemical, sensory and microbiological pCOPEftieg of 4fe
pork. As would be expected, TBA values are positively correlated (P<0.01) with rancid odor (r=0.63), rancit i
flavor (r=0.56) and negatively correlated (P<0,0l) with residual nitrite (r==0.64), This indicates that o
values can be used as a measure of the degree of oxidative rancidity for dried pork during 16 weeks of scorv;.'
Tenderness is negatively correlated (P<0.01) with color (r=-0.89) and positively correlated (P<0,01) with OVES
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ounlsEl flog 100 in dried pork as

ic pacterial ¢ paamgingmﬂhod and storage time Table 7 - Correlation coefficienls belween chemical, sensory and microbiological properties of dried pork

o Y nitrate,

1 packaged Non-vacuum packaced Microorganlsms

JE‘UE‘______— '—___‘—0 7 F 5 Tender- Rancid  Rancid  Over all TPC Lactic Anaeraobic
4 B 16 ! TBA  ness Color odor flavor accepta, ' flog 100 {log 10)  {log 10}

d, b X DX oG Xy o0, X Residual
1.00™ "1, 007 °2.67™ 73,65 nilrite 0,64 -0 48" 045 070 0,66  -0,26° .0 <088 0.8
2,675 %3 600 1BA 0,31 028 06% 0567 017 077 e 0re
Tenderness 0.8 010 006 075 0.47 048 0.4

L aves with ditferent fetters (b, ¢, d) are signiticantly Color 0,15 0,01 -0, 60+ 04270 -0.40Pe  -0,3%°
Jinin T{;ﬁnﬂ; within vertical columns wilh dilferent letters (x,y)

Rancid
20,01,
I diferent (P <0.0 odor 0,90 -0.03 0650 0610 061

hiLity (r=0-?5)- The lighter the color Rancid ] - )
~ . tender the dried pork. Rancid odor flavor 0,09 0,64 0,60 0. 60°
g flavor scores are negatively Over al)
04 (p<0.01) with residual nitrite el
r=-0.66. respectively). Although pe v -
oﬁur and rancid flavor increased with gl:;?;)r:\s
(P<0-01) TBA values, overall accept-

TPC tlog 101
q to be influenced by rancid
id not seem y Lactic (log 10)
flavor.

* P~0,05

Lot oo™ 2,105 3,64

b1, ot 26655 64" 100" M1 00"

o 100

.rall acceptability scores are positive~ P00
jated (P<0.01) with tenderness scores
) and negatively correlated (P<0.01) with
res (r=-0.60). Tenderness is also correlated (P<0.0l1) with total plate counts (r=0,47) lactic acid
bacterial counts (r=0.48) and anaerobic bacterial counts (r=0.46). This is probably due to the influ-
moisture content on both of these parameters in dried pork. Total plate counts are positively correlated
) with lactic acid producing bacterial counts (r=0.98) and anaerobic bacterial counts (r=0.97).
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