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Abstract  
 
Four items of meat analogs and four natural meat product counterparts were investigated for their 
modulation effects on the somatic mutation and recombination of chromosomes in Drosophila 
melanogaster induced by urethane (URE). Trans-heterozygous (mwh flr+/mwh TM3) larvae were 
transferred to the experimental medium for mutagenicity study. The experimental media were 
made from regular medium containing each meat analog or meat product counterpart substituted 
for 60% w/w of the whole ingredients (corn flour, yeast and sugar).  In addition, the larvae were 
transferred to the experimental medium containing URE as antimutagenicity study. Until they 
became adult flies, the wings were analyzed for the mutant spots. The findings revealed vegetarian 
sausage, vegetarian salted fish and sausage meat products had mutagenic potential, other meats 
had no such results. Both sausages containing amines (in natural meat, soy flour or spices) and 
nitrite to form nitrosamines showed their mutagenicity. The antimutagenicity (%) of meat analogs, 
namely vegetarian sausage, vegetarian sai-oua, vegetarian meatball and vegetarian salted fish 
were 65.7%, 36.15%, 65.04%, 36.94%, respectively. The antimutagenicity (%) of natural meat 
products, namely sausage, sai-oua, meatball, salted fish were 54.22% 33.91%, 31.93%, 60.95%, 
respectively. All meat analogs showed protective effects against URE since they contain 
isoflavones as key nutrients. The metabolites of URE were detoxified by conjugation with 
gluthathione using glutathione-S-transferase. It is possible that the presence of isoflavones may be 
due to inducing of glutathione-S-transferase activity. Furthermore, all natural meat products 
showed their protective effects against URE as well since they contain cysteine and methionine as 
needed for maintaining the levels of gluthatione as well as gluthathione-S-transferase synthesis. 
 
Keywords: mutagenicity, antimutagenicity, SMART, sai-oua, sausage, salted fish, meatball, 
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Introduction  
 
Meat analogs are usually made from soy protein or wheat gluten. In addition, ingredients 
including flavours, odors, herbs, spices and edible adhesives are added as well. However, the most 
common imitation meat flavourings commercially available are hydrolyzed vegetable proteins, 
which are offered as single products or blended with spices and/or flavour potentiators (e.g. 
ribonucleotides and monosodium glutamate). Therefore, the meat-like flavour is a blend of 
synthetic materials, or a blend of synthetic and natural materials that are compounded to stimulate 
known flavours. It is certain that reactions involving more complicated systems will yield a larger 
number of compounds with the possibility that some may be carcinogenic or mutagenic. 
 
Materials and Methods 
 
Sample preparation 
Meat analogs, namely vegetarian sausage, vegetarian sai-oua (pork sausage, northern Thai style), 
vegetarian meatballs and vegetarian salted fish and their meat product counterparts, namely 
sausage (pork), sai-oua, meatball (pork) and salted fish were purchased from supermarkets in 
Bangkok. All test samples were homogenized in an electric blender.  
 
Somatic mutation and recombination test (SMART)  
The test was performed as described by Graf et al [1]. Trans-heterozygous (mwh flr+/mwh TM3) 
larvae were transferred to the experimental medium for mutagenicity study. The experimental 
media were made from regular medium containing each sample substituted for 60% w/w of the 
whole ingredients (corn flour, yeast and sugar). In addition, the larvae were transferred to the 
experimental medium containing URE as antimutagenicity study. Until they became adult flies, 
the wings were analyzed for the mutant spots. The antimutagenicity (%) of each sample was 
determined by the following equation:  
 
Percentage of antimutagenicity = ((a-b)/a) 100  
 
When a is the frequency of spots induced by URE alone and b is the frequency of spots induced 
by URE in the presence of sample. 
 
Results 
 
Mutagenicity 
Figure 1 shows the effectiveness of each sample on their mutagenicity in different categories of 
mutant spots. It is suggested that sausage, veggie sausage, salted fish and veggie salted fish 
increased the frequency of wing spots. None of the other samples significantly increased mutant 
spots to be higher than that of negative control. 

 

 

 

 

 

 



As. J. Foo
 

 
Antimuta
Both mea
results re
meatball,
 

Figure 2

 
Discussio
 
Mutagen
Sausage a
meat pro
increased
as in spic
and veget
of mutag
weakly in
 

0
1
2
3
4
5
6
7
8
9

10

0

2

4

6

8

10

od Ag-Ind. 2

Figur

agenicity 
at analogs 

evealed that
, were better

. Overview

on 

nicity 
and vegetar
duct with w

d the mutag
ces may rea
tarian salted

genicity in s
ncreased DN

8.925

0.22

negative ur

2012, 5(04)

re 1. Overvi

and meat p
t meat analo
r antimutag

w (% antimu

rian sausage
which nitrit
enicity of n

act with nitr
d fish has b
such sample
NA single-s

25
0.9

54.2

rethaneSausage

), 307-310 

iew (spots/w

products re
og, namely,

gens than the

utagenicity
m

e analog exp
te salt-spice
nitrosated fo
rite to form
been reveale
es. Choen a
strand and d

0.55
0.087

22%
65.70%

e + UREVeg. Sausage 

 

wing) of ea

educed muta
, vegetarian
eir meat pro

y) of each s
melanogast

pressed thei
es are used.
ood and som

m nitrosamin
ed. High sal
and Roe [3
double-stran

75 0.35

8

%

33.91%

+ URESaioua + UREVeg. S

ach sample 

ant spots in
n sausage, v
oduct count

ample on U
ter. 

ir mutageni
. Rojas-Cam
me amines i
nes. The mu
lt content m
], reported 

nd breaks in

8.525

0.25

36.15%
31.

Saioua + UREMeatba

  

showing th

nduced by 
vegetarian s
erparts.  

URE mutag

city. Sausag
mpos [2], sh
in the sausa
utagenicity p
may play a r

that high s
n mammalia

0.3625 0.

93%

65.04%

all + UREVeg. MeatbaS

         

heir mutag

URE (Figu
sai-oua and

genicity in D

ge is one ki
howed that
age ingredie
potential of
role in the p
sodium chlo
an cells.  

275 0.4625

% 60.95%

ll + URESalted fish + UVeg. Sa

         309 

 

enicity.  

ure 2). The
d vegetarian

Drosophila

nd of cured
t nitrite salt
ents as well
f salted fish
presentation
oride intake

0.425

36.94%

UREalted fish + U

 

e 
n 

a 

d 
t 
l 
h 
n 
e 



 

As. J. Food Ag-Ind. 2012, 5(04), 307-310                         310 

Antimutagenicity 
Meat analogs decreased the frequency of spots induced by URE. It is possible that the 
antimutagenic effect of meat analogs may be due to inducing of GST activity. Park, et al [4], 
demonstrated that the metabolite of URE was detoxified by conjugation with gluthathione (GSH) 
using glutathione-S-transferase (GST) [5]. Meat analogs are soy-based food. Mirsalis, et al [6], 
reported that soy bean flakes increased the activities of GST. In addition, antimutagenic effect of 
meat analogs may result from the effects of some components of soy proteins (genistein and 
eqoul) reducing the activities of CYP-450 enzymes leading to a reduction of bioactivation of URE. 
In meat products, sausage, sai-oua, meatball and salted fish decreasing the frequency of spots 
induced by URE may be due to the fact that each sample increased GSH concentration. Generally, 
animal meat contains a high level of cysteine and methionine to maintain optimal GSH levels for 
efficient phase II detoxification [7]. In addition, herbs and spices are always used to mask the off-
flavour of meat products. Tadi, et al [8], found that garlic extract increased GSH to detoxify the 
metabolites of AFB1. Lemon grass enhanced GST activity in mouse intestinal cells [10]. 
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