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ABSTRACT

EFFECTS OF OLEORESIN ROSEMARY ON THE OXIDATIVE QUALITY
OF RESTRUCTURED CHICKEN PRODUCTS

By

Shu-Mei Lai

The effects of oleoresin rosemary (OR), sodium
tripolyphosphate (STPP) and TBHQ on the stability of lipids
in restructured chicken nuggets were investigated. Lipid
oxidation occurring during refrigerated and frozen storage
was monitored by a modified thiobarbituric acid (TBA) test,
sensory evaluation and hexanal analysis.

TBA-reactive substances (TBARS) values and sensory
scores demonstrated that STPP/TBHQ exhibited the best
protective effect. An additive antioxidant effect was
obtained from the combination of OR and STPP, while no
significant difference was found between STPP/OR and
STPP/TBHQ. STPP/OR and STPP/TBHQ also effectively prevented
loss of polyunsaturated fatty acids and formation of hexanal
during frozen storage. Significant correlation coefficients
between TBARS values and sensory scores were obtained in the
refrigerated and frozen studies. Hexanal contents
correlated better with sensory scores than with TBARS values

in chicken nuggets after six months of frozen storage.



R T

ACKNOWLEDGMENT

I wish to express my sincere gratitude to Dr. J. Ian Gray
for his guidance and support as major professor, and for his

encouragement throughout my graduate studies.

Appreciation is also extended to Dr. A.M. Booren, Dr. B.
R. Harte, Dr. C.J. Flegal, and Dr. M.J. Zabik for serving on
my guidance committee, and for their critical review of this
manuscript. Further acknowledgement is due Dr. D.M. smith and
Ms. R.L. crackel for their technical advice and assistance

during the research program.

special thanks are extended to Mr. Robert Evans and Ms
Ariella Gastel of Kalsec Inc. for their interest in and
support of my studies, and for supplying the oleoresin
rosemary used in the study. I also would like to thank
piamond Crystal salt Company for donating the antioxidant-

coated salt used in the study.

In addition, I extend my appreciation to my friends and
colleagues at Michigan State University who have offered their

loving help and beyond understanding words of encouragement.

Finally, I wish to thank my parents for their support and
understanding which enabled me to come to the United States to

further my education.




TABLE OF CONTENTS

Page

LIST OF TABLES .......................................... Vi
LIST OF FIGURES ® © 0 06 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 00 0 0O 0 0 0 0 0 s 0 0 0o ® o o o 0 0o o viii
INTRODUCTION ® © © 0 0 9 0 4 0 2 0 0 P O O O PP P B OO OO SO O O O O O S e e e e e e o o o o 1
REVIEW OF LITERATURE ** -t ctceccevseoccenccnaccncnancns 3
Lipid Oxidation in Meat *°*°**°**ccsccececcccccccccccccns 3
Lipids in Muscle Tissues © 0000000000000 0000000000 3
Characteristics of Poultry Meat Lipids °*°°°°°*°"°" 5

l.Lipid Composition e e eceescec s e s s s cscesoe e 5

2.Fatty Acid Composition °*°°*°*°** s 8
3.Phospholipid Component °°°°°ccc° > 9

Warmed-over Flavor Development in Meats °**°°*°°°°° 10

1.Role of Phospholipids and Triacylglycerols 12
2.Contribution of Membrane Lipids *°°°*°° seee 14

3.Role of Heme and Non-heme Iron *°*°*°°°°*°°°° 15

Lipid Stability in Restructured Poultry Products °°°°° 17
Catalytic Factors Occurring during Processing °°° 18

Lipid Stability during Storage **°*°*°°***cc s> 22
Measurement of Lipid Oxidation **°***c e 23
2-Thiobarbituric Acid (TBA) Test *°*°-°ccc e 24

Gas Chromatographic Analysis *°*°*°c°°*cc*cccccccce 27

Sensory Evaluation **°***c**cccceccrcccccccccocnnen 29
RanCimatMethOd © 0 0000000000000 000000000000000 000 30
Prevention of Warmed-over Flavor Development *°°*°*°°°* 31
Synthetic Phenolic Antioxidants *°*c°°°**cccccce> 32

Natural Antioxidants oooooooooooooooooooooooooooo 35
Phosphates and Other Chelating Agents """""" 39
Rosemary as an Antloxldant ® © 6 0 06 06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e e e 40
Preparation of Rosemary Extracts °*°°**°°°* cesete 41
Composition and Structure of Rosemary Extracts °° 42
Antioxidant Effect of Rosemary Extracts in Meats 45
MATERIALS AND METHODS **  ***ccctcevecceececcnnncscnnncas 47
Experimental Description ............................. 47
Preparation of Chicken Nuggets **c***c*ccccccercccrsccce 49
Ingredients-oooo ooooo ® 0 0 . © 0 0 0 0 0 0 0 0 00 00 0 00 e e 0 s e e 0 e 0 o 49
Processing of Chicken Nuggets **°°*c*scccccecccccce 49
Preparation of Heated 0il for Rancimat Study °*°**°°°°°° 51

iv



Page

Methods of Analysis ooooooooooo ® 6 & @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 52
TBATest ® © & 0 0 0 0 0 0 0 0 0 0 ° O O O OO OO O 0O 0O O LS00 e e 0o 52
Lipid Extraction and Fractionation °*°°**°°*°*c*c°-" 52
Fatty ACid Analysis oooooooooo ® ® 0 0 0000000000000 0000 53
Hexanal Analysis ® 00 0000 0 0 ® 6 0606 00 000000000000 0000000 54
Sensory Evaluation ® 0 06060 00000000000 0000000000000000 55
RanCimat AnalYSiS oooooooooooo ® 6 06 060 0 000 0600000000000 56
Statistical Analysis ooooooooooooooooooooooooooooo 56

RESULTS AND DISCUSSION .................................. 57
Evaluation of Lipid Quality in Chicken Meat -*°°-°-*°"*" 57
Effects of Antioxidants on Chicken Nuggets °*°*°°°°°°*"*" 60

Changes by Cooking PI’OCQSS oooooooooooooooooooooo 60

Lipid Stability during Refrigerated Storage °°*** 65

Lipid Stability during Frozen Storage °*°*°°°-°*°"" 78

TBA Test and Sensory Evaluation °°°°°-°-°°*"*°"" 78

Fatty Acid PrOfileS ® 0 0606060600000 0000000000000 87

GC Quantitation of Hexanal °*°°°*°*°**°* s> 94
Correlation of TBARS Values, Sensory Scores and

Hexanal content 000000 ® 0 0 06 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0o * o o o 9‘7

Effects of Oleoresin Rosemary on the Resistance

Of oil tO Oxidation -------------------------------- 105

SUMMARY AND CONCLUSIONS “* - *tcvceeveercccnccnnscnncannns 110

APPENDICES oooooooooooooooooooooooooooooooooooooooooooooo 112

BIBIDGRAPHY ooooooooooooooooooooooooooooooooooooooooooooo 116



LIST OF TABLES

Table page
1. Lipid composition of different muscle types *°°°*°°°*" 6
2. Proximate composition of mechanically deboned

poultrymeat ® @ © 0 ¢ © 0 © O C O O O OO OO OO O OO OO OO O OO OSSO OO OO e e 7
3. Antioxidant activity of various spices added to pork

fat and subjected to an accelerated oxidation test -°° 38
4. Total lipid contents of raw chicken meat °**°*°°*°°°°*"°" 58
5. TBARS values of raw chicken meat prior to processing 58
6. Total weight changes and cooking yields of chicken

nuggets after frying ® e 06000000 0000000 00 ® e 0000000000000 61
7. Changes in TBARS values of chicken nuggets during

erlng ® & 5 & 6 0 0 0 0 0 0 0 0 0 s 0 0 0 0 0o ® 6 & 6 06 0 0 0 0 0 6 O 0 O 0 e 0 e e e 0o 61
8. Total lipid contents in chicken nuggets after frying 64
9. Analysis of variance for TBARS values of chicken

nuggets during refrigerated study °-°*°cccccccrceceee 66
10. Analysis of variance for sensory scores of chicken

nuggets during refrigerated study °*°*°*°*cccccerrree 66
11. TBARS values of chicken nuggets during refrigerated

storage ® 0 0 0 0 00 00 000 0 00 ® @ 0 0 0 0 0 0 00 0 0 00 0 0 0 00 0 00 e 0 00 0 0 0 0 68
12. Sensory scores of chicken nuggets during refrigerated

storage ooooooooooo ® © © ¢ 0 0 0 0 O 0 P O P O S O O O OO O e e 0 e 0 e e e e e 0o 72
13. Significance levels of designed contrasts for treatment

effects on TBARS values and sensory scores of chicken

nuggets in the refrigerated study °*°**°*°*° e y 74
14. TBARS values of chicken nuggets during frozen storage 79
15. Sensory scores of chicken nuggets during frozen

storage ® @ 0 © 0 & 0 0 O 0 0 O 0 O @ O OO 8 0 0 L O OO O 08 0 e e O e 0 00 0 0 e e e e o 84
16. Significance levels of designed contrasts for treatment

effects on TBARS values and sensory scores of chicken

nuggets in the frozen Study © 6 06 06 06 ¢ 06060 0060000000000 00e0o0 85

vi



Table Page

17.

18.

19.

20.

21.

Fatty acid composition of the triacylglycerols in
chicken nuggets during frozen stored at -20°C for
sixmonths e o0 00000000 © ©6 © 06 06060606 06060606060606 0060000000000 00 88

Fatty acid composition of the phospholipids in
chicken nuggets during frozen stored at -20°C for
sixmonths e o e 0000000 © 60 00 0000000000000 e e 89

Within-time correlation coefficients between TBARS
values and sensory scores of chicken nuggets for
each treatment ooooooo ® © 6 0 00 00 00000 00 00 00 0 0 0o ® e e 0 0 0 0 o 100

Within-treatment correlation coefficients between
TBARS values and sensory scores of chicken nuggets
at each sampling period during storage °°°°°°* et 100

Changes in the fatty acid composition of soybean oil
during continuous heating at 176°C for 96 hours *°°°° 108

vii



LIST OF FIGURES

Figure Page

Parent flavone structure ® ® 6 0 0 000 0 0 0 00000 00 00000000 000 37

Structures of some antioxidant compounds in
rosemary extracts ® ©® 0 0 0 0 0 ° O 0 O O O O O O O O O S O OO P S S S L L0 0 e e 43

Effects of oleoresin rosemary and sodium tripolyphosphate
on TBARS values of chicken nuggets during refrigerated
storage ® © 0 © 0 0 0 0 0 0 0 0 0 0 0 0 90 9 O 0 0 00 00 00O O 0 S 0000000 e o0 69

Effects of oleoresin rosemary and tertiary
butylhydroquinone on TBARS values of chicken nuggets
during refrigerated Storage ooooooo ® 06 ¢ 0 0000600000000 000 70

Effects of oleoresin rosemary and sodium tripolyphosphate
on TBARS values of chicken nuggets during frozen
storage oooooooooooooooooooooooooooooooooooooooooooooo 80

Effect of oleoresin rosemary and tertiary
butylhydroquinone on TBARS values of chicken nuggets
during frozen Storage oooooooooooooooooooooooooooooooo 81

Changes in the percent polyunsaturated fatty acids in
the phospholipid fraction of chicken nuggets after
2,4,6 months of frozen storage °***°"°°*°* s s 93

Hexanal content of chicken nuggets after 6 months of
frozen storage ® © 0 © 0 0 0 0 0 0 0 00 0 0 0 00 000 0000000 000000 e 0 0 0o 96

Antioxidant activity of oleoresin rosemary in soybean
0il during continuous heating at 176 Oc for 96 hours °* 106

viii



INTRODUCTION

The term "warmed-over flavor" (WOF) describes an
oxidized or rancid flavor which develops rapidly during the
refrigerated or frozen storage of precooked or partially
cooked meat products (Pearson and Gray, 1983). WOF is a
major cause of quality deterioration in precooked meat
products and limits the acceptability of these products
(Love, 1983).

In recent years, mechanically deboned poultry meat
(MDPM) has been utilized in the processing of precooked,
restructured poultry products for adding value and providing
uniform texture to the products. However, the stress and
aeration to which MDPM is subjected during mechanical
deboning and the compositional nature (bone marrow, heme and
lipids) of MDPM contribute to its high oxidative potential
(Dawson and Gartner, 1983). The inclusion of MDPM in
processed products can further induce the oxidative
deterioration of lipids and result in decreased product
shelf life (McNeill et al., 1988).

Several synthetic phenolic antioxidants have been used
successfully to prevent WOF development in restructured meat
products (Chastain et al., 1982; Crackel et al., 1988a).

However, consumers are becoming increasingly concerned about




the use of synthetic chemicals and are interested in the use
of natural products. Oleoresin rosemary, a naturally
occurring product, contains a number of compounds such as
carnosol, rosmanol, rosmaridiphenol and rosmariquinone which
possess antioxidant activity similar to or greater than
butylated hydroxyanisole (BHA) (Houlihan and Ho, 1985).

Barbut et al. (1985) demonstrated that the
incorporation of oleoresin rosemary in turkey breakfast
sausages prepared from a combination of hand deboned and
mechanically deboned turkey meat, can substantially suppress
lipid oxidation and increase product shelf life at
refrigerated temperatures. Korczak et al. (1988) also found
a pronounced antioxidant effect of rosemary in precooked
minced meat products.

The primary objective of this study was to assess the
effectiveness of oleoresin rosemary as an antioxidant during
refrigerated and frozen storage of chicken nuggets. A
commercial oleoresin rosemary, tested at two levels with or
without sodium tripolyphosphate, and TBHQ were evaluated. A
secondary objective was to determine the correlation between
thiobarbituric acid-reactive subatances (TBARS), sensory
scores and hexanal contents as a means of assessing the
efficacy of these procedures in following lipid oxidation in
meat systems. Finally, the antioxidant activity of
oleoresin rosemary in soybean oil during continuous heating

was investigated.






REVIEW OF LITERATURE

Lipid oxidation in meat

Lipids are important to the physical and chemical
characteristics of meat and poultry products. They
contribute many desirable sensory properties to these
products by enhancing their flavor and aroma (Herz and
Chang, 1970) and by increasing their tenderness and
juiciness (Blumer, 1963; Pearson, 1966). However, the
potential for lipid oxidation or the development of rancid
or warmed-over flavor (WOF) is one of the single greatest
constraints in determining the processing and shelf-life
characteristics of meat products. The nature, proportion,
and degree of unsaturation of fatty acids present in a lipid
system or food will indicate the approximate susceptibility

of that product to oxidative deterioration.

Lipids in Muscle Tissues

Animal lipids are composed chiefly of neutral lipids
and phospholipids. Phospholipids are present in small
amounts but are essential to muscle because of their role as
structural and functional components of cells and membranes.
Unlike phospholipids which are mainly membrane-associated,

neutral lipids are present as microscopic droplets within



the muscle cell, or in adipocytes (fat cells) primarily
located within the perimysial connective tissue of the
muscle. They provide fatty acids for energy metabolism in
living muscle and contribute to the characteristic of the
meat (Moody and Cassens, 1968).

Neutral lipids are principally triacylglycerols which
are fatty acids esters. The fatty acids in the
triacylglycerols may be the same or different at one, two,
or all three positions on the glycerol molecule.
Triacylglycerols mainly contain C;,, C;¢ and C,g fatty
acids, which generally are either saturated or contain only
one or two double bonds (Igene et al., 1981). Oleic acid
(C18:1) is the most abundant and widespread unsaturated
fatty acid, whereas palmitic acid (C,¢.q) is the most
prominent saturated fatty acid in triacylglycerols. The
polyunsaturated fatty acids are mostly confined to linoleic
acid (C,g.,) with a lesser amount of linolenic acid and
small quantities ( < 1 % ) of arachidonic acid (Pearson et
al., 1977). Since fatty acids differ both in chain length
and in degree of saturation, triacylglycerols vary greatly
in composition and in their susceptibility to autoxidation.

Phospholipids normally occur in meat as
phosphoglycerides. They generally comprise about 0.5 -1.0 %
of the tissue content and contain not only C,g., and Cjg.3
in significant amounts but also high concentrations of C,,.3
and other highly polyunsaturated fatty acids including

C20:4+ C22:4r C32:5 and Css:.6 (Pearson et al., 1977; Igene



1., 1981; Pikul et al., 1984b). The degree of

®

unsaturation of the phospholipid fraction is about 15-fold
higher than that of the triacylglycerol fraction (Igene and
Pearson, 1979; Igene et al., 1981)

According to Allen and Foegeding (1981), the
phospholipid content of meat varies inversely with total
lipid content, increasing from 5 to 70% as the fat content
decreases from 13 to 1% (Table 1). This reflects the
constancy of the phospholipid fraction even though the total

lipid content is highly variable.

Characteristics of Poultry Meat Lipids

(1) Lipid Composition

Even though animal lipids tend to be more uniform in
composition than those from plants, they are still highly
variable. The content and composition of muscle lipid
differ among various species as well as within an animal
depending on the muscle function and location (Gray and
Macfarlane 1961; Dugan 1987). Allen and Foegeding (1981)
summarized the lipid composition of different types of
muscle from several species of animals (Table 1). These
data illustrate that chicken and turkey have less total
lipid but a higher proportion of phospholipid than fish,
beef and pork. White meat of chicken and turkey also
contains smaller amounts of total lipid compared to dark
meat from the same species. In general, more aerobic

metabolism of red or "dark" muscle compared to white or




"light" muscle is associated not only with high myoglobin
concentration, but also with higher 1lipid concentration
(Igene et al., 1979b). Wilson et al.(1976) concluded that
the red oxidative muscles have more phospholipid than white
glycolytic muscles taken from the same species. However,
the proportion of phospholipids in the lipids of white
poultry meat is greater than in dark meat (Katz et al.,
1966; Wangen et al., 1971). On a weight-percentage basis,
the white and dark meat of chicken contain about the same

amount of phospholipid (Katz et al., 1966).

Table 1. Lipid composition of different muscle typesl.

Content
Species Muscle Type
Lipid(%) Neutral Phospholipids

lipid (%)
Chicken White 1.0 52 48
Dark 2.5 79 21
Turkey White 1.0 29 71
Dark 3.5 74 26
Fish (Sucker) White 1.5 76 24
Dark 6.2 93 7
Beef Longissimus 12.7 95 5
dorsi
Pork L. dorsi 4.6 79 21

1 Adapted from Allen and Foegeding (1981)

In addition, the lipid composition of mechanically
deboned poultry meat (MDPM) also varies from that of hand
deboned poultry meat (HDPM). Moerck and Ball (1974)

reported that the total 1lipid content of mechanically



deboned chicken was 27% and was composed of approximately
98.6% neutral lipids and only 1.4% phospholipids.

The lipid content of MDPM is much higher than HDPM due
to the stripping of fat from the skin during the deboning
process (Janky and Froning, 1975). Table 2 shows the
proximate composition of MDPM, and indicates considerable
variability in fat composition. This variability is due to
the variations in the initial source of meat and degree of
skin and meat removal before deboning (Dawson and Gartner,

1983) .

Table 2. Proximate composition of mechanically deboned
poultry meat-—.

Poultry Source Protein (%) Fat (%) Moisture (%)
Turkey Frame 14 16 68

Chicken Back, Neck? 14.5 17.6 66.6

Spent Layers 14.2 26.2 60.1

1 Adapted from Dawson and Gartner (1983)
2 Wwithout skin

Grunden et al. (1972) determined the lipid content of
MDPM from broiler backs and necks (with skin), spent layers
as well as turkey racks. They found mechanically deboned
turkey meat contained significantly less lipid (12.7%) than
did meat from broiler backs and necks (27.2%) or spent

layers (26.2%). This difference exists because the turkey




backs contained proportionally less skin than either the
spent layer or broiler backs and necks. On the other hand,
there were no significant differences in total lipids in
mechanically deboned broiler meat and spent layers. With
backs and necks there was a high percentage of skin which
resulted in a higher fat percentage while the skin and heavy
fat deposits of whole spent layer were diluted by the large
percentage of meat on the whole carcass (Grunden et al.,

1972) .

(2) Fatty Acid Composition

Not only does the lipid composition vary with species
and muscle type, but also the fatty acid composition in
triacylglycerols and phospholipids varies according to
species and muscle type.

Phospholipids are known to be more susceptible to
oxidative deterioration than triacylglycerols because of
their larger proportion of unsaturated fatty acids (Gray and
Pearson, 1987). In lean chicken meat, about 41-46% of the
fatty acids from phospholipids contain two or more double
bonds compared to 22-24% in the triacylglycerols.
Furthermore, phospholipids contain 24-30% of polyunsaturated
fatty acids (Cyg,3 to C,,.¢) while very low levels (<2%)
were found in the triacylglycerol fraction (Igene et al.,
1981; Yamauchi et al., 1982; Pikul et al., 1984b; Wu and
Sheldon, 1988). The phospholipids of chicken also contain a

higher percentage (27%) of fatty acids with four or more



double bonds than do those (8% to 16%) of pork, beef and
lamb (Allen and Foegeding, 1981).

Marion and Woodroof (1966), Katz et al. (1966), Moerck
and Ball (1974) ,and Jantawat and Dawson (1980) analyzed the
fatty acid distribution profiles of lipids from white meat,
dark meat, skin and mechanically deboned meat from chicken
and turkey. They reported that the neutral 1lipid fraction
was composed of Cyg.qs Cy1g:1¢ C1g:0r C18:1 and Cig.p, and
that there were no apparent variations in the
triacylglycerol fatty acids among the four types of tissues.
They also found that the phospholipid fraction for all the
tissues analyzed contained high levels of Cig4.q, Cyg:0-
Cyg.1+ C1g:2 and Cyq., fatty acids. In addition, high
levels of polyunsaturated 20 to 24 carbon fatty acids were
also present in the phospholipids from most of the tissues
in both turkey and chicken. Jantawat and Dawson (1980)
reported the most obvious differences among phospholipids
from different types of tissues are the quantities of C,4.,
and the levels of total polyunsaturated 20 to 24 carbon
fatty acids. These groups of acids were lowest in chicken
and turkey skin tissues. On the other hand, the quantities
of pentaenes and hexanenes were highest in phospholipids of

hand deboned tissues (Jantawat and Dawson, 1980).

(3) Phospholipid Component
Although the proportions of the individual

phospholipids are relatively constant in fresh meat, there
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is some variation in the proportion of the phospholipid
components between species and between muscles within the
same species. The major components of phospholipids from
animal tissues include approximately 50% phosphatidyl
choline (PC), 25% phosphatidyl ethanolamine (PE), and 5%
sphingomyelin (SP), with lesser amounts of phosphatidyl
serine (PS), phosphatidyl inositol, and other minor
components (Pearson et al., 1977; Allen and Foegeding,
1981).

It has been reported that the white meat of chicken
has more PC (60%) and less PE (15%), and both the dark and
white meat of the turkey have higher SP (12%) than muscle
from the other species (Peng and Dugan, 1965; Wangen et al.,
1971; Allen and Foegeding , 1981). However, these results
contradict the findings of Jantawat and Dawson (1980) who
reported no significant difference in the proportion of PC
and SP between dark and white meat of hand deboned poultry
or among different species. On the other hand, the MDPM
contained with higher levels of SP than HDPM, and this was
corroborated by the finding that higher amounts of SP were
present in the skin and bone tissue than from in poultry

meat (Jantawat and Dawson, 1980).

Warmed-over Flavor Development in Meats

The term "warmed-over flavor (WOF)" was first
introduced by Tims and Watts (1958) to describe the rapid

onset of rancidity in refrigerated cooked meat. The rancid
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or stale flavor becomes apparent within 48 hours in contrast
to the more slowly developing rancidity which results from
long term storage of frozen raw meat (Gray and Pearson,
1983). Although WOF is normally associated with cooked
meat, it also develops rapidly in raw meat that has been
ground and exposed to air (Greene, 1969; Sato and Hegarty,
1971; Benedict et al., 1975). Thus, WOF is the major cause
of quality deterioration in precooked and/or restructured
products and limits the acceptability of these products
(Love, 1983).

Many studies over the past two decades have focused on
mechanisms reponsible for development of WOF in meat
systems. Many reports support the hypothesis that WOF is a
result of lipid oxidation which is catalyzed
nonenzymatically by metal ions (Love, 1983). The
polyunsaturated fatty acids in phospholipids appear to be
the primary substrate for the formation of oxidation
products that contribute to WOF (Wilson et al., 1976;
Pearson et al., 1977; Igene et al., 1985). Nevertheless,
the precise mechanisms involving the formation of WOF have
not been resolved.

The discussion in this section will focus on the role
of lipids in oxidation with special emphasis on the
phospholipids as well as membrane-bound lipids of poultry
meat. The role of heme and nonheme iron also will be

discussed.
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(1) Role of Phospholipids and Triacylglycerols

Poultry meat is known to be more susceptible to
oxidative rancidity than red meat due to the relatively high
content of phospholipids (Wilson et al., 1976; Ang, 1988).
Convincing evidence for the involvement of the phospholipids
in oxidized off-flavor or WOF has been reported by several
researchers. Acosta et al. (1966) isolated phospholipids
from cooked turkey and found that this fraction consumed
oxygen at a faster rate than non-phospholipid lipid
fractions. Wilson et al. (1976) reported that phospholipids
were the major contributor to WOF in turkey, chicken, beef
and lamb.

Further studies by Igene and Pearson (1979) and Igene
et al. (1981) involving model systems from beef and from
chicken dark and white meat, demonstrated that both
triacylglycerols and phospholipids contributed to WOF
development, and that phospholipids made the greatest
contribution. The triacylglycerols enhanced development of
WOF only when combined with the phospholipids as total
lipids. Pikul et al. (1984b) claimed that phospholipids
contributed approximately 90% of the malonaldehyde measured
in total lipid fractions from chicken meat. In addition,
they pointed out that fat from chicken breast contained two
times more malonaldehyde than fat from chicken leg due to a
large phospholipid fraction in the fat from chicken breast

(Pikul et al., 1984c).
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The high susceptibility of phospholipids to
autoxidation in poultry is attributed to its high
concentration of polyunsaturated fatty acids (Pearson et
al., 1977; Yamauchi et al., 1982; Wu and Sheldon, 1988).
The rate of autoxidation of fatty acids increases
significantly with an increase in the number of double bonds
(Wu and Sheldon, 1988). Pearson et al. (1977) claimed not
only the high content of polyunsaturated fatty acids in the
phospholipid fraction, but also the high content of
polyunsaturated fatty acids in the triacylglycerol fraction
contributed to the marked susceptibility of poultry meat to
oxidative breakdown.

However, the polyunsaturated fatty acids of
triacylglycerols are almost confined to linoleic acid and
small quantities (<1%) of arachidonic acid. Conversely,
phospholipids contain not only C;g., and Cyg.3 in
significant amounts but also high concentrations of C,,.3
and and other highly polyunsaturated fatty acids including
Co0:4s C22:4¢r Cop.:5 and C,,. which undergo the greatest

oxidative deterioration during storage (Igene et al., 1981;

Pikul et al., 1984b; Wu and Sheldon, 1988).

Of the phospholipids in poultry meat, Wu and Sheldon
(1988) reported that PC was present in the highest
concentration and contained the highest amount of highly
polyunsaturated fatty acids. They found that the reduction
of polyunsaturated fatty acids in PC during the storage of

poultry meat was also greatest among the phospholipid
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fractions, while only minor changes in the polyunsaturated
fatty acids of PE were observed. These results contradict
the findings of Igene and Pearson (1979) in which PE was
considered a major contributor to the development of WOF,
while PC was less influential.

Tsai and Smith (1971) previously suggested that both
the nitrogen moiety of the phospholipids and the degree of
unsaturation influenced the level of lipid autoxidation.
Thus, the ethanolamine fraction of PE not only increased the
oxidation of PE but also accelerated the oxidation of other
phospholipids (Corliss and Dugan, 1970; Tsai and Smith,

1971) .

(2) Contribution of Membrane-bound Lipids

The membrane-bound lipids consist primarily of
phospholipids and perform essential roles in membrane
structure and function, being components of mitochondria,
muscle fiber sarcolemma, microsomes and sarcoplasmic
reticulum (Gray and Pearson, 1987). With a relative high
content of polyunsaturated fatty acids, membrane-bound
lipids are essentially vulnerable to oxidative change (Igene
et al., 1980). Asghar et al. (1988) reported that the rate
of peroxidation of the membrane-bound lipids can be
influenced by the fatty acid composition of the membrane.
They found that dark-muscle microsomal lipids peroxidized
faster than white-muscle microsomal lipids, an observation

similar to that reported earlier by Kanner and Harel (1985).
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In addition to the high amount of polyunsaturated fatty
acids in the membrane, some prooxidants such as oxygen,
peroxidase enzymes (Vladimirov et al., 1980), heme and
nonheme iron (Igene et al., 1979a), hydrogen peroxide, and
superoxide radical (Kanner and Harel, 1985) are normally
present in muscle cells. Thus, any process that disrupts
the integrity of the membranes exposes the phospholipids to
oxygen, enzymes, heme pigments and metal ions which can
accelerate the development of WOF even in raw meat (Sato and

Hegarty, 1971).

(3) Role of Heme and Nonheme iron

The catalytic effects of iron prophyrins and metal ions
in lipid oxidation have been studied intensively over the
years. The ability of heme compounds to catalyze lipid
oxidation was estabilished by Tappel (1962), while the role
of heavy metals in increasing the rate of lipid oxidation
was summarized by Ingold (1962). Metals such as copper,
iron and cobalt possessing two or more valency states with a
suitable oxidation-reduction potential between them, are
particularly important catalysts and function by increasing
the rate of formation of free radicals (Ingold, 1962).

A number of workers (Tappel, 1962; Greene et al., 1971;
Love and Pearson, 1971) reported that myoglobin (Mb) served
as a prooxidant in meat and was responsible for development
of rancidity. Decker and Schanus (1986a,b) investigated

linoleate oxidation catalyzed by an aqueous extract of
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chicken drumstick muscle and reported that both heme and
nonheme catalysts may be involved in catalysis of lipid
oxidation in raw chicken dark meat. However, Sato and
Hegarty (1971) reported that heme compounds had little
effect on the rate of oxidation in cooked meats, while
ferrous iron (Fe2+) at concentrations as low as 1 mg/kg
enhanced lipid oxidation in samples of water-extracted
cooked meats.

A similar water-extracted meat system has been used by
the other researchers to investigate the catalytic effect of

2+ (Igene et al., 1979a; Tichivangana and

nonheme Fe
Morrissey, 1984, 1985). Moreover, Tichivangana and
Morrissey (1984, 1985) indicated the order of catalytic
activity was Fe2t> cu?*> Fe3*> Mb> MetMb and that the
prooxidant effect of metal ions and MetMb was more
pronounced in heated muscle than in raw muscle.

Increasing levels of nonheme ion in meat as a
consequence of heating have been demonstrated by several
investigators (Igene et al., 1979a; Schricker et al., 1982;
Schricker and Miller, 1983; Apte and Morrissey, 1987). They
concluded that heme pigments serve as a source of free iron,
being readily broken down during the cooking process and
catalyzing autoxidation. Chen et al. (1984a) found both the
rate of heating and the final temperature influenced the
release of nonheme iron from meat pigment extracts. Slow

heating released more nonheme iron than fast heating

(Schricker and Miller, 1983; Chen et al., 1984a).
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Recently, Apte and Morrissey (1987) investigated the
effect of hemoglobin and ferritin on lipid oxidation in raw
and cooked muscle systems. Their results indicated that
ferritin exerted very little catalytic activity in raw meat.
However, heating probably denatured the ferritin molecule,
as it does for myoglobin and hemoglobin, releasing Fe2t
which then catalyzed lipid oxidation. Fe2t can also be
released from ferritin by low levels of ascorbic acid, while

nitrite inhibited both hemoglobin- and ferritin-induced

oxidation (Apte and Morrissey, 1987).

Lipid Stability in Restructured Poultry Products

Restructured meat is meat from low value parts of a
carcass that is sectioned, flaked or chunked into smaller
pieces then shaped by mechanical means to form a new
product. The technology for manufacturing restructured
meats was developed in the 1970’s as a means for adding
value to underutilized cuts of meat as well as providing a
uniform product by controlling the portion size, shape,
texture and fat content (Booren et al., 1981; Huffman et
al., 1981a).

There are three basic procedures that can be utilized
in the production of restructured meats: (1) chunking and
forming, (2) flaking and forming, and (3) tearing and

forming. The first two procedures have been widely used and

are increasing in importance. The third procedure has not
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yet been fully developed and requires special equipment that
tears the meat fibers apart and then reforms them into
shapes resembling intact cuts (Pearson and Tauber, 1984).

The cost savings and the ability to maintain product
consistency give the restructured product great potential in
the market place. However, the widespread acceptance of
these products has been limited due to changes in quality
which occur as the result of lipid oxidation. The stability
of lipids in restructured products is largely influenced by
the procedures used in manufacturing, namely reduction in
particle size, cooking and the addition of sodium chloride.
Some studies that investigated the action of these catalyic
factors occurring during processing and the lipid stability
of restructured meats during storage will be briefly

reviewed.

Catalytic Factors Occurring during Processing
Sato and Hegarty (1971) indicated that comminution of

fresh meat and subsequent exposure to air can cause the
development of rancidity within one hour. The operations in
the manufacture of restructured meats such as grinding,
chopping, flaking or emulsification also disrupt membranes
and lead to incorporation of air or oxygen into the tissues.
Both of the actions increase tissue susceptibility to
oxidation and hasten development of WOF (Gray and Pearson,

1987) .
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As indicated earlier, membrane-bound lipids are high in
phospholipids and, because of their high content of
polyunsaturated fatty acids are especially vulnerable to
oxidative deterioration (Igene et al., 1980). Poultry meat
is known to have a higher content of phospholipids than red
meat (Acosta et al., 1966; Igene et al., 1981).
Restructuring of poultry meat exposes these labile
phospholipids not only to oxygen but to other tissue
catalysts such as enzymes, heme pigments and metal ions
(Gray and Pearson, 1987).

In recent years, mechanically deboned poultry meat
(MDPM) has been utilized in restructured poultry products.
The extreme stress and aeration during the mechanical
deboning processes and the compositional nature (bone
marrow, heme, and lipids) of MDPM contribute to its high
oxidative potential (Dawson and Gartner, 1983). Pearson and
Tauber (1984) suggested that up to 10% of mechanically
deboned meat in restructured products not only reduces the
cost but also improves the texture. However, use of more
than 20% of mechanically deboned meat causes an adverse
effect on flavor and texture.

Although cooking is not necessary for the manufacture
of restructured meats, it is the common process for
commercial production of restructured poultry products such
as turkey rolls and chicken nuggets. Heat could also
disrupt the membranes and break lipoprotein complexes, which

would expose lipids to oxygen and catalysts and make them
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more susceptible to oxidative attack (Dawson and Gartner,
1983).

Yamauchi (1972) reported that the degree of WOF was
affected by processing temperatures between 60 and 120°cC.
Smith et al. (1987) investigated the effect of processing
temperature on WOF development in ground chicken breast
meat. They indicated that WOF in chicken can be minimized
by cooking at low temperature, such that no part of the
product exceeds 74°C. Nevertheless, Zipser and Watts
(1961), Sato et al. (1973) and Huang and Greene (1978) found
that high temperature (>90°C) heating could reduce WOF
development in cooked meat due to the formation of Maillard
reaction products possessing antioxidant properties. Not
only the final temperature but also the cooking rate was
found to influence the WOF development (Huang and Greene,
1978). Chen et al. (1984a) reported that a slow heating
rate increased the release of nonheme iron which is a major
prooxidant in cooked meat from beef pigment extracts.

A small amount of added salt is necessary to assure
proper binding of the meat particles in restructured meat
products. It has been reported that increased salt levels
in restructured pork products increase thiobarbituric acid
(TBA) numbers and decrease raw color scores (Schwartz and
Mandigo, 1976; Huffman et al., 1981b; Rhee et al., 1983).
More recently, King and Earl (1988) evaluated the effect of
selected sodium and potassium salts on TBA values of dark

meat turkey patties. They found that in formulations
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containing no added polyphosphates, TBA values increased
with increasing amounts of added sodium chloride.

Although sodium chloride, or salt, is known to initiate
color and flavor changes in meat, the processes involved in
salt-catalyzed oxidation are not fully understood (Pearson
et al., 1977). It has been postulated by some that salt-
catalyzed rancidity may be related to metal impurities in
the salt. Nevertheless, rancidity still developed in fat of
dry cured hams, even though a purified low-metal salt was
used (Olson and Rust, 1973).

Chang and Watts (1950) demonstrated that the effect of
salt on oxidation of fat is dependent on the amount of
moisture in the system. Pokorny and Janick (1971) suggested
that heme derivatives have no effect on lipid oxidation in
the absence of water but begin to exert prooxidant activity
at a moisture content of 60%. This could be due to the
release of nonheme iron, which could then catalyze
oxidation. On the other hand, salt has been reported to
inhibit lipid oxidation under certain conditions. Mabrouk
and Dugan(1960) observed that autoxidation of aqueous
emulsions of methyl linoleate was suppressed by increasing
concentrations of dissolved salt in the system. They
suggested that dissolved oxygen may be eliminated from the
system as the salt concentration is increased. These
findings implicated that the effect of salt could be both a
prooxidant and an antioxidant, depending on the

concentration dissolved.
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Lipid Stability during Storage
Although WOF develops rapidly in meat stored at

refrigerated temperatures, it also develops in frozen meat
products during long-term storage (Gray and Pearson, 1987).
The rate of WOF development and the changes in lipid content
are different between refrigerated and frozen storage. Ang
(1988) correlated the oxidative changes of the relevant
constituents of cooked broiler meat during refrigerated
storage. She reported that the oxidation rate during
refrigerated storage was positively correlated with protein,
water, phospholipids and nonheme iron content and negatively
correlated with total lipids or neutral lipids.

Igene et al. (1980) found that the total 1lipid content
of raw meat during frozen storage is affected mainly by
losses in the triacylglycerol fraction while the
phospholipid fraction remains relatively constant,
irrespective of the length of frozen storage. 1In the same
study, a decrease in C;g.,and C,g.3 fatty acids was observed
in the triacylglycerol fraction of chicken dark meat and
white meat during frozen storage. The dienoic acids
(principally C,g.,) decreased from the original value in
chicken dark and white meat by 43 and 14%, respectively
(Igene et al., 1980). Frozen storage of fresh meat does not
appear to cause serious oxidative deterioration of the
membrane-bound lipids, but primarily acts on the

triacylglycerols.
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Igene et al. (1981) further studied the effect of
length of frozen storage, cooking and holding
temperaturature on component phospholipids of chicken meat.
They reported that there was a significant decline in the
amount of PE and PC during frozen storage, but the decline
was much greater on cooking. PE and PC was found to be more
stable following cooking on holding at -18°C than 4°C. The
oxidation of triacylglycerols in poultry was also found to

be related to the degree of unsaturation and the length of

frozen storage (Igene et al., 1980; Pikul et al., 1984a).

Measurement of Lipid Oxidation

Lipid oxidation is a problem that has been associated
with foods containing fat. The susceptibility and rate of
oxidation of fatty acids vary according to their degree of
unsaturation and the presence of activating agents such as
heat, light, enzymes or metal catalysts (Nawar, 1985). The
classical mechanism for lipid oxidation is via free-radical
attack, and the initial substrate for oxidation is
unsaturated lipids. The following simplified scheme shows
the various steps in the free radical chain mechanism for

lipid oxidation:

Initiation: RH —=—-m—mmeemee > R* + H*
RH + 0y ======== > ROO® + H*
Propagation: B0 e > ROO*
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Termination: ROO* + R°® =—-===-- > ROOR
R* + R* ——-————- > R-R
ROO°* + ROO°®*® =-=-==> ROOR + 02

ROO* is a lipid peroxy radical, R* is a lipid alkyl radical,
and RH is an unsaturated lipid. Once the reaction has been
initiated, the hydroperoxides (ROOH) which are formed
subsequently decompose to free radicals, which in turn can
accelerate the rate of lipid oxidation and/or form secondary
products (Simic and Taylor, 1987). The secondary products
and their decomposition products including aldehydes,
ketones, acids and other carbonyl compounds may cause the
off-flavor in food or react with the other substances in
food (Khayat and Schwall, 1983).

Many chemical and physical methods have been developed
to assess lipid oxidation. In this review, several methods,
2-thiobarbituric acid test, gas chromatographic analysis and
sensory evaluation, commonly used for measuring lipid
oxidation in meat systems will be addressed. A standardized
physical method, the active oxygen method and its automated
form--Rancimat, for evaluating the resistance of oils or

fats to oxidation will be discussed briefly.

2-Thiobarbituric Acid Test

The most commonly used method for measuring oxidative
changes in meat products is the 2-thiobarbituric acid (TBA)
test. This procedure is based on the spectrophotometric

quantitation of a red-violet complex formed between
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malonaldehyde, a colorless end product of lipid oxidation,
and TBA (Sinnhuber and Yu, 1958; Gray, 1978; Melton, 1983).
There are three ways in which the TBA test can be performed:
(1) directly on the meat products, followed by extraction of
the colored complex; (2) on an extract of the meat; and (3)
on an extract of the steam distillate of the meat (Melton,
1983). The method involving steam distillation is the most
popular method for measuring the TBA number in muscle foods
(Rhee, 1978) and has been used extensively without
modification to assess the oxidative deterioration of lipids
in beef, pork and poultry products (Melton, 1983).

However, in recent years, some investigators have
suggested that the method should be modified to include the
addition of antioxidant at the blending or distillation
stages of the procedure. Rhee (1978) reported that chilled
blending and the addition of propyl gallate (PG) and EDTA at
the blending and distillation stages substantially lowered
the TBA number of catfish steaks. Pikul et al. (1983)
evaluated the influence of butylated hydroxytotuene (BHT) on
the TBA assay for malonaldehyde in fat extracted from
chicken breast and leg meat. They recommended that an
antioxidant be added during sample homogenization,
distillation, or the extraction step of the TBA assay to
prevent sample autoxidation and artificially high analytical
results.

The TBA test principally determines both the

malonaldehyde already formed naturally from hydroperoxide
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cleavage and the secondary release due to the heating step
in the reaction. However, some end products of lipid
peroxide breakdown, other than malonaldehyde, will also
react with TBA and may produce orange or yellow pigments,
depending on the TBA test reagents (Tarladgis et al., 1964;
Igene et al., 1985). Tarladgis et al. (1964) reported that
malonaldehyde, the principal TBA-reactive substance (TBARS),
not only can be released upon heating the sample in a acid
medium, but also can be measured without the acid treatment.
Crackel et al. (1988b) suggested that a modified TBA
distillation method in which aqueous TBA reagent was used
instead of the acid solution can decrease the formation of
yellow pigments as well as improve the reproducibility
regardless of the degree of oxidation in meats. Schmedes
and Holmer (1989) described a new TBA method for selectively
determining free malonaldehyde and lipid hydroperoxides by
partitioning malonaldehyde and hydroperoxides in a Bligh and
Dyer extraction before TBA reagent was added. This method
is suitable for samples with a low fat content such as
minced cod.

Recently, a systematic study of the influence of
peroxidation conditions on lipid hydroperoxide decomposition
to TBA-reactive substances (TBARS) was reported by Janero
and Burghardt (1989). They found that malonaldehyde
represented the major TBARS in purified lipid but only 20-
60% of total TBARS in the membrane/tissue systems.

Therefore, the presence of nonlipid-related, non-
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malonaldehyde TBARS in biological samples represents a major
limitation to the quantitative use of the TBA test. Many
investigators have come to the same conclusion and suggested
that the results of the TBA test need to be considered with
sensory evaluation or with results of other suitable
chemical tests (Gray, 1978; Csallany et al.,1984; Igene et

al., 1985).

Gas Chromatographic Analysis

Hexanal, one of the major secondary products formed
during oxidation of linoleic acid (Frankel et al., 1981),
and other aldehydes have been used sucessfully to follow
lipid oxidation in foods (Melton, 1983). These volatile
compounds have been identified in oxidizing meat systems
including cooked, uncured pork (Cross and Ziegler, 1965) and
hams (Lillard and Ayres, 1969; MacDonald et al., 1980), and
have been associated with WOF development in cooked turkey
(Ruenger et al., 1978) as well as cooked ground pork

(Shahidi et al., 1987).

Several gas chromatographic (GC) techniques have been
applied to the analysis of volatile compounds in foods.
Fritsch and Gale (1977) utilized a headspace gas-sampling
technique followed by GC analysis to measure hexanal in
cereal foods. Volatiles were released from the cereal by
the addition of boiling water, the system was sealed and a

sample of headspace gas was withdrawn for GC analysis.

Another approach for the collection of volatiles was
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described by Bailey et al. (1980). Volatiles released by
boiling an aqueous homogenate of a meat sample were
extracted into a suitable organic solvent in a Likens-
Nickerson extraction apparatus, a closed continuous
extraction system. The solvent containing the extracted
volatiles was concentrated and analyzed using conventional
GC methods.

Legendre et al. (1979) developed a direct GC method
that can be applied to the analysis of aqueous and non-
aqueous foods and reported that this procedure was rapid,
efficient and sensitive enough that sample volatiles can be
analyzed without the need for prior enrichment.

The direct GC method has been modified with a purge-
and-trap system and efficiently used for the analysis of
volatiles in fish, beef and pork (Josephson et al., 1983;
Vercellottli et al., 1987; Shahidi et al., 1987). The
volatiles stripped from the meat samples were trapped in a
Tenax trap and injected directly into the GC. Moisture-free
samples and subambient oven temperature programming allowed
effective resolution of low molecular weight volatiles as
well as those of higher molecular weight (Vercellotti et
al., 1987).

In addition, an external closed inlet device (ECID) can
be adapted to the GC. The meat to be analyzed is placed in
an external inlet assembly where the volatiles are stripped
from the sample by heat and an inert carrier gas. The

volatiles condense onto a GC column and subsequently are
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resolved by temperature programming (St. Angelo et al.,
1988). With the ECID and a capillary column, the resolution
and sensitivity were greatly increased and more than 150
compounds were identified in the volatiles of the WOF roast

beef (St. Angelo et al., 1987; St. Angelo et al., 1988).

Sensory Evaluation

Sensory analysis has been used in the study of WOF for
over 30 years. Tims and Watts (1958) noted that meat flavor
can deteriorate after only a few hours of refrigerated
storage. They called the flavors developed during storage
"warmed-over", "rancid" or "stale".

Sensory evaluation was not only used to elucidate the
mechanisms involved in WOF development, but also to evaluate
the efficacy of other analytical methods for measuring WOF.
The relationships of TBARS numbers, peroxide values and
hexanal contents of muscle foods to sensory scores have been
studied by many researchers (Tarladgis et al., 1960; Zipser
et al, 1964; Igene and Pearson 1979; Igene et al., 1979b,
1985; Greene and Cumuze, 1981; St. Angelo et al., 1987).
Although these studies showed significant correlations
between sensory scores and chemical tests, there are some
variations among these reports. The inconsistent data may
be due to the use of different category scales, use of
trained or untrained panelists, and use of different
descriptors of WOF (Poste et al., 1986; Love, 1988).

Addis and Pearson (1986) stated that in studying WOF
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one must first select a sample with WOF and train panelists
to recognize it and then screen out those who cannot detect
WOF. The numbers of panelists used for sensory evaluation
of off-flavors in meat varies, but it is desirable to have

6-12 people on a trained panel (Melton et al., 1987).

Rancimat Method

The Active Oxygen Method (AOM) or Swift test has proved
very popular for evaluating the stability of fats and oils
and has been standardized in the Official and Tentative
Methods of the American oil Chemist’s society (Method cd.
15-27, AOAC, 1975). In order to determine oxidative
stability, a fat is exposed to a stream of dry air at a
temperature of 100-140°C. The progress of the oxidation
curves can be followed by periodic determination of the
peroxide value (PV). The curves comprise an induction
phase, in which practically no secondary products are
formed, followed by an oxidation phase, during which a large
increase in PV and volatile products is detected (Laubli and
Bruttel, 1986). The induction time obtained from the curve
is a good indication of resistance of fats or oils to
oxidative rancidity. Older fats generally have shorter
induction times (Frank et al., 1982).

Because of the repeated PV determinations involved, the
measurement of this parameter with AOM is very costly and
labor intensive. An alternative method, the Rancimat

procedure, for the automatic analysis of oxidative stability
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was developed by Hadorn and Ziircher (1974) . This method is
based on the conductometric determination of volatile
degradation products (mainly formic acid) and features
automatic plotting of conductivity against time (Frank et
al., 1982). The progress of the oxidation curves determined
in this manner is virtually parallel to the development of
the PV (Hadorn and Zurcher, 1974). The results obtained
with the Rancimat method also showed extremely high
correlation with those of the AOM test (Laubli and Bruttel,

1986) .

Prevention of Warmed-over Flavor Development

Although WOF is recognized as a major problem in
precooked or restructured meat products, it can be
effectively controlled or minimized by the use of
antioxidants or curing with nitrite. Nitrite acts as an
effective inhibitor of WOF by stabilizing the
prophyrin ring of heme pigments and preventing the release
of iron during the cooking process (Asghar et al., 1988).
Thus, WOF is not as serious a problem in cured meats as it
is in noncured meat products.

Other compounds used to prevent lipid oxidation or WOF
in meats include polyphosphates and ascorbate, as well as
synthetic and natural antioxidants (Pearson and Gray, 1983).
Labuza (1971) classified antioxidants into three categories:

Type I, free radical terminators, primarily phenolic
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compounds that donate an electron to a free radical; Type
II, free radical production preventers, mostly chelating
agents that tie up transition metals; and Type III,
environmental factors such as redox compounds and water
activity regulators. Roozen (1987) used a meat model system
to test the effectiveness of these three types of
antioxidants in preventing peroxidation. These results
showed that Type I and Type II antioxidants decreased the
amount of TBARS in meat, while many of Type III antioxidants
gave an increase, depending on their concentration.

In this section, the antioxidant activity and
application to meat products of Type I antioxidants
including synthetic and natural phenolic antioxidants, will
receive major emphasis. The role of phosphates, which are
Type II antioxidants, in the prevention of WOF development

in meats will also be addressed.

Synthetic Phenolic Antioxidants

Phenolic antioxidants are Type I antioxidants because
they function by interfering with the free radical mechanism
of autoxidation. Their antioxidant action may be simply

described as follows:

OH Qe (o] 0
K’\ H
Re + — RH + ‘—'I\/' -~
H
Fatty Qil
Free Phenol  Molecule Antioxidant Free Radical

Radical (Stable Resonance Hybrid)
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where the phenolic substance accepts the free radical and
forms an antioxidant free radical. This radical
intermediate is relatively stable due to resonance
delocalization and lack of positions suitable for the attack
by molecular oxygen, and thus is incapable of initiating or
propagating further oxidation (Sherwin, 1978; Nawar, 1985).

Phenolic compounds perform differently from one another
as antioxidants, their activity depending on the types and
positions of substituent groups affixed to the benzene ring
nucleus of the compound (Pokorny, 1971; Sherwin, 1985).
Butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propyl gallate (PG), and tertiary butylhydroquinone
(TBHQ) are the most widely used synthetic phenolic
antioxidants and have been broadly studied in meat systems.
These compounds can be used alone or in combination.
Synergism occurs when a mixture of antioxidants produces a
more pronounced activity than the sum of the activities of
the individual antioxidants when used separately (Nawar,
1985). Other chemical properties, such as melting point,
carry-through properties, and solubility, also need to be
considered when selecting an antioxidant or deciding on a
medium which can achieve the best dispersion of antioxidant
in meats.

Conflicting data have been published in the literature
concerning the effectiveness of lipid-soluble antioxidants
in preventing WOF. One problem appears to be the

distribution of the antioxidant in the appropriate tissue
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(Bailey, 1980). Watt (1961) concluded that phenolic
antioxidants were of little value in intact meat cuts.

However, many studies have shown that phenolic
antioxidants are effective in preventing WOF in comminuted
meat systems. Moerck and Ball (1974) reported that an
antioxidant mixture containing 20% BHA, 6% PG, and 4% citric
acid in propylene glycol (Tenox IVTM) added at 0.01% by
weight was effective in preventing oxidation in mechanically
deboned chicken. Barbut et al. (1985) found that the
addition of BHA/BHT to turkey sausages substantially reduced
measurable TBARS formation during refrigerated storage for
up to 16 days. BHA and PG were also demonstrated to be
effective in retarding lipid and pigment oxidation in ground
beef during refrigerated storage for more than one week
(Greene, 1969; Greene et al., 1971). Similar results were
obtained in cooked ground beef using BHA and/or BHT (Sato
and Hegarty, 1971; Chen et al., 1984Db).

Of more direct relevance to restructured meats is the
work of Chastain et al. (1982), who studied the effects of
BHA, TBHQ, and a combination of these two antioxidants on
the quality of restructured (50:50) beef-pork steaks. They
found that the antioxidants when used alone or in
combination lowered TBARS values and decreased discoloration
in the steaks. BHA was more effective in inhibiting
discoloration while TBHQ was slightly superior in retarding
off-flavor development during 20 weeks of frozen storage.

Miles et al. (1986) evaluated the effect of BHA/BHT/citric
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acid (1:1:1) on the oxidation of restructured pork chops in
refrigerated storage. Their results indicated that
antioxidants were effective in controlling discoloration and
oxidation of restructured pork stored at refrigerated
temperature. 1In addition, the protective effect of TBHQ on
lipid stability in restructured beef steaks over 12 months
of frozen storage was also confirmed by Crackel et al.

(1988a) .

Natural antioxidants

Although synthetic phenolic antioxidants can be used
successfully to prevent the development of WOF, consumers
are becoming increasingly concerned about the use of
synthetic chemicals, in contrast to the use of natural
products. The present trend in food processing is to use
natural ingredients, even though they have not been shown to
be safer than synthetic additives used for the same purpose
(Chang et al., 1977).

There have been extensive investigations of the use of
antioxidants from naturally occurring substances in food
products. However, it has not yet been specified what is
meant by "natural antioxidant". There are a great variety
of natural products which possess antioxidants activity.
Such antioxidants can be found in vegetable oils, mostly as
tocopherols (Dougherty, 1988). Some researchers also
described Maillard reaction products and ascorbic acid as

natural antioxidants. Many of these antioxidants
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investigated were reported to be successful in retarding or
inhibiting the formation of WOF in meats (Pearson and Gray,
1983; Rhee, 1987).

Another group of frequently used antioxidants which
have potential for even more application in the future are
extracts from vegetables, spices, and herbs. Watts (1961)
found that hot-water extracts of many vegetables, including
celery leaves, turnip greens, mint leaves, carrots, white
potato skins, beet stems, and mushrooms, were effective in
retarding oxidation of lipids in cooked meats. Pratt and
Watts (1964) later demonstrated that a number of plant
extracts possessed potent antioxidant properties when added
to sliced roast beef. Younathan et al. (1980) also reported
that rancidity in turkey was effectively controlled by hot-
water extracts of eggplant tissues and peelings of yellow
onions, potatoes, and sweet potatoes. Recently, Jurdi-
Haldeman et al. (1987) reported that onion juice was a more
effective antioxidant than garlic juice in reducing
development of rancidity in meat.

All protective effects found in these researches were
attributed to the flavone and flavonoid contents of the
vegetable extracts. The antioxidant activity of these
compounds is apparently related to the ketone in the 4
position of the pyrone ring and the 2,3-olefin group. The
3,4- and 5,7-dihydroxy groups (shown in Figure 1) apparently

contributed to the antioxidant role (Crawford et al., 1961).
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Figure 1. Parent flavone structure.

Spices and herbs have also been studied as antioxidants.
Early observations that most common spices have antioxidant
properties in lard were made by Chipault et al. (1952).
Gerhardt and Blat (1984) comprehensively evaluated the
antioxidant activity of spices in pork fat, and the
stability of the fat was determined by a dynamic test
involving Rancimat methodology. Results of this study
indicated clearly that the majority of the spices tested
possessed some antioxidant activity (Table 3), with
rosemary, sage, thyme, and mace being the most potent.

The antioxidant properties of spices are apparently
related to their phenolic contents, thus their antioxidant
action is similar to synthetic phenolic antioxidants.
However, the applicability of spices and herbs to meat
products is determined by their sensory compatibility with
each specific meat product concerned. Barbut et al. (1985)
reported that a low flavor, organic-solvent extracted
oleoresin rosemary possessed antioxidant activity comparable
to a commercial blend of BHA/BHT/citric acid in suppressing

lipid oxidation and did not adversely affect the overall
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Table 3. Antioxidant activity of various spices added to
pork_fat and subjected to an accelerated oxidation

testl.
Spice Protectign Antioxidant Act%vity
Factor Group Rating
Mace 4.10 Optimal
Rosemary 4.30 Optimal
Sage 4.00 Optimal
Thyme 4.60 Optimal
Nutmeg 2.59 Very good
Ginger 2.11 Good
Clove 1.95 Good
Marjoram 1.72 Good
Turmeric 2.16 Good
Paprika 1.51 Good
Garlic 1.11 Neutral to slight
White pepper 1.15 Neutral to slight
Cumin 1.19 Neutral to slight
Coriander 1.10 Neutral to slight

1 Adapted from Gerhardt and Blat (1984).
Protection factor is ratio of induction period of sample
(pork fat + spice) to the induction period of the blank
(pork fat).

3 Optimal antioxidant effect, protection factor > 3.5; very

good, 2.5-3.5; good,1.5-2.5; neutral, 1.0-1.5.
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palatability of the product. Because rosemary extracts have
been shown to possesse superior antioxidant activity in

several fat substances, many researchers have devoted their
time to examining its unique properties. The chemistry and

application of rosemary will be discussed later in detail.

Phosphates and Other Chelating Agents

Tim and Watts (1958) not only coined the expression
"WOF" in cooked meat, they also demonstrated that phosphates
effectively reduced WOF in meats. They reported that pyro-,
tripoly- and hexametaphosphates had a protective effect,
whereas orthophosphate did not. Sato and Hegarty (1973)
further verified the effects of these phosphates in
preventing rancidity in precooked ground beef, with
tripolyphosphate being the most effective.

Polyphosphates have been observed to reduce oxidative
changes in cooked chicken meat (Thomson, 1964; Farr and May,
1970). Marion and Forsythe (1962) also reported that
polyphosphates had a protective effect on oxidation of
uncooked turkey meat during storage. The antioxidant effect
of polyphosphates in mechanically deboned poultry was
confirmed by MacNeil et al. (1973). Furthermore, Froning
(1973) found that polyphosphate-treated mechanically deboned
chicken meat had significantly lower TBA values than those
found in the controls at all storage periods. According to

Watts (1962), polyphosphates effectively protect cooked
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meats against oxidation at concentrations as low as 0.01 -
0.05%.

The phosphates appear to prevent autoxidation by
chelating metal ions, specially ferrous ion which has been
shown to be the major catalyst of lipid oxidation in cooked
meats (Love and Pearson, 1974; Igene et al., 1979a). A
number of other metal ion chelators have also been shown to
be effective as inhibiters of oxidation in meat system.
Benedict et al. (1975) reported that both citric acid and 1-
ascorbyl stearate showed a limited effect in decreasing
lipid and heme oxidation in lean beef ground with beef fat.
MacDonald et al. (1980) demonstrated that citric acid
reduced TBA values in refrigerated hams when used at the
1000 ppm level but was not as effective as 50 ppm of
nitrite. Besides, EDTA has been shown to be an effective
inhibitor for development of WOF in cooked meat by Igene et
al. (1979a). However, EDTA has limited use in meat products

because it has not been approved for use in these products.

Rosemary as an Antioxidant

Rosmarimus officinalis L. has been shown to be an
effective antioxidant in a variety of fats (Chipault et al.,
1952, 1955; Gerhardt and Blat, 1984). However, the
applicability of whole spices in foods may be limited by the

specific product. To obtain an active extract with lower

color and odor from the leaf of rosemary, scientists have
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developed several processes involving a variety of solvents
and distillation stages. 1In addition, much effort has been
directed toward the identification of the active principles
in the extracts.

Studies involved in the preparation of active extracts
from rosemary as well as the isolation and identification of
active antioxidant compounds in rosemary will be discussed.
Several recent studies on the antioxidant effect of the

rosemary extract in meat products will also be reviewed.

Preparation of Rosemary Extracts

It has been found that a somewhat concentrated but
crude preparation of a rosemary extract which has
considerable antioxidant properties may be obtained by
extracting the leaves of rosemary with alcohol or other
appropriate solvents (Léliger, 1983). Although such crude
extracts have been described as purified and of
substantially less taste or odor than the natural spice,
they are not fully free of the intrinsic characteristics of
the spice. To obtain a particular product form of the
rosemary extracts that does not have an objectionable odor
or color, Chang et al. (1977) developed a process involving
alcoholic extraction, followed by vacuum steam distillation

or molecular distillation. The extract at 0.02% was found
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to be as effective as Tenox VITM (BHA/BHT/PG and citric
acid) in lard and vegetable oil.

Bracco et al. (1981) later developed a new industrial
process for obtaining natural antioxidants from rosemary and
cocoa shells. The micronization of spices in vegetable oil
is the main step in the process and results in the rupture
of the cell walls, releasing the antioxidant compounds and
yielding a lipid suspension for the molecular distillation
steps. Through the two-stage falling film molecular
distillation, the lipid phase is separated and a distillate
which has essentially no taste and odor, with a light
red/orange color is obtained. The antioxidant activity of
this distillate is comparable to that of BHA or BHT when

tested in chicken fat (Bracco et al., 1981).

Composition and Structure of Rosemary Extracts

The molecular distillate and the crude extract of
Rosemarinus officinalis L. are both composed of at least 45
compounds as analyzed by reversed phase HPLC with a UV
detector; about half of these compounds have been
identified. Such analytical work is very complicated, due
in part, to the instability of many of the components in
pure form (Loliger, 1983).

The first important antioxidant compound isolated from
rosemary leaves was a phenolic diterpene named carnosol
(Figure 2), the structure of which was determined by

Brieskorn et al. (1964). Wu et al. (1982) also identified
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Figure 2. Structures of some antioxidant compounds in
rosemary extracts.
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carnosol from rosemary leaves and found that its antioxidant
activity was similar to BHT, when added to lard at the 0.02%
level.

Inatani et al. (1982) isolated and characterized
another antioxidant compound, rosmanol, from rosemary
leaves. Later, Inatani et al. (1983) reported that rosmanol
at a 0.02% level was a better antioxidant than BHA or BHT,
using the active oxygen method (AOM). Several derivatives
of rosmanol were also identified and reported to be as
effective as rosmanol by the same research group.

Isoromanol and epirosmanol, in particular, were found to be
more effective at the 0.005% than were BHA and BHT at the
0.02% level in lard (Nakatani and Inatani, 1984).

Meanwhile, Houlihan et al. (1984) isolated a novel
antioxidant from rosemary leaves, named rosmaridiphenol
(Figure 2). They also found that the antioxidant activity
of this diphenolic diterpene surpassed BHA and approached
the effectiveness of BHT when tested at the 0.02% level in
prime steam lard. Later, another active compound was
isolated from rosemary leaves, named rosmariquinone (Figure
2), with similar antioxidant activity to
rosmaridiphenol (Houlihan et al., 1985). The antioxidant
activity of rosmariquinone was superior to BHA, but slightly
less than BHT when tested in prime steam lard at a

concentration of 0.02% (Houlihan et al., 1985).
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Antioxidant Effect of Rosemary in Meat Products

Although many studies have demonstrated the antioxidant
properties of rosemary or rosemary extract in fat and oil
systems, very little research has been done to incorporate
these compounds into meat products. MacNeil et al. (1973)
compared the antioxidant effect of a rosemary spice extract
(RSE) to that of polyphosphates and BHA/citric acid in
cooked, simulated mechanically debonded turkey meat (MDTM)
at refrigerated storage. They found that RSE (0.05%) and
BHA/citric acid treatments exhibited substantially lower TBA
values than did polyphosphates and RSE (0.01%). However,
the sensory score of RSE (0.05%) was lower than that of the
control, whereas the RSE (0.01%) had a better flavor rating
than any of the other treatments. Recently, Barbut et al.
(1985) used rosemary oleoresin (20ppm) as an antioxidant in
turkey breakfast sausages prepared with 75% hand deboned
turkey meat and 25% MDTM. Chemical and sensory analyses
showed that rosemary oleoresin was comparable to a
commercial blend of BHA/BHT/citric acid in suppressing
lipid oxidation and extending of the shelf life at
refrigerated storage.

More recently, Korczak et al. (1988) investigated the
effects of several spices on the oxidative stability of
minced meat products under refrigerated and frozen
conditions. Rosemary, when added at 0.1% and 0.5% levels,
exhibited a pronounced antioxidant effect in frozen storage.

However, rosemary did not have a significant protective



46

effect in refrigerated storage. Sheu (1988) also evaluated
the effects of oleoresin rosemary and other antioxidants in
the prerigor, p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>