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Monosodium Glutamate (MSG) is one of the flavor enhancer that most
commonly used in various foods but its safety is still in doubt. In this
research, a study was conducted to examine the effects of MSG
administration on offspring number of Drosophila melanogaster for
two generations. D. melanogaster & wild-type strain was crossed with
Q wild-type strain in glass bottle were fed with two different
concentrations of 2.0% and 2.5% of MSG. Along with treated, the
control flies were also set up without MSG. Based on ANOVA result,
F count concentration variable on offspring number was 25.159 with
the p-value 0.000 < 0.05 and F count generation variable on offspring
number was 14.095 with the p-value 0.001 < 0.05. Administration of
2.0% MSG caused the increasing of offspring number but at 2.5%
level, MSG caused the decreasing of offspring number. Furthermore,

first generation had a significantly higher offspring number than
second generation. The result indicated there was an accumulation of
negative impacts of MSG consumption in the second generation.
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1. INTRODUCTION

Many foods taste delicious because those foods often used flavor enhancer [1]. One of the best-known
flavor enhancers is Monosodium Glutamate or MSG [1]. MSG is widely used as a flavor enhancer in various
foods [1-3]. It has been used to enhance flavor since it was discovered in 1908 by Kikunae lkeda, a chemistry
professor in Tokyo [3]. This substance is practically odorless and may have either a slightly sweet or slightly salty
taste [2]. This taste is better known as umami taste [4]. Umami is also known as savory taste that some people
also describe as meaty or brothy [5].

Unfortunately MSG has often been the subject of controversy in the food industry [6]. MSG has been
controversial since Dr. Robert Ho Man Kwok, a Chinese-American medical researcher, described adverse
reactions reactions attributed to MSG-containing foods eaten in Chinese restaurants [7,8]. The adverse reaction
includes numbness in the back and neck and heart palpitations [8]. These symptoms typically began about 15-20
minutes after the first dish was consumed and continued for about two hours [7]. Since this first report appeared,
many other articles studying and reviewing the effect of MSG have been published.

Several articles have reported MSG may produce negative effects when given to both experimental
animals and man. For example, MSG was reported induce kidney damage by oxidative stress [9]. MSG also
causing disruptions and distortions of the cyto-architecture of the kidneys of Wistar rats [10]. Moreover, MSG
toxic also may effects on central nervous system, adipose tissue, hepatic tissue and reproductive organs were
shown in numerous animal studies [11].
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On the other hand, some references state MSG is considered safe for adult [1]. Moreover, a eport from
the Federation of American Societies for Experimental Biology (FASEB) concluded that MSG was safe for most
people when eaten at customary levels [12]. Related to the potency of MSG for inducing oxidative damage,
consuming antioxidant may have protective potential against oxidative stress induced by MSG [13]. In fact, there
are reports that conclude dietary supplementation with up to 4 % MSG is safe and improves growth performance
in post-weaning pigs [14].

Although there have been various reports related to the potency of MSG on health risk, in various
countries, including Indonesia, daily foods often contain high concentrations of MSG. These foods are consumed
every day and still eaten from one generation to the next. In this regard, no studies have examined the long term
effects of consuming MSG for several generations. Therefore, in this study, the effect of MSG for several
generations was observed. Fruit fly, Drosophila melanogaster, was choosen as model organism in this study. The
short life cycle of fruit fly became one of the reason for choosing this organism [15,16].

2. RESEARCH METHOD
2.1. The organsim and environmental conditions

D. melanogaster wild-type strain from Genetic Laboratory FMIPA UM were used in this study. Flies
were cultured in a 200 ml cylindrical glass bottle, with 7 cm diamater and 9 cm height, filled with 30 ml standard
food, as described in Fauzi et al [17]. The flies cultures were kept in a research room at Genetic Laboratory FMIPA
UM. When there were blackened pupae, the pupae were isolated into plastic tube with 1 cm diameter and 5 cm
height. Adult flies that emerge from this plastic tube were using for crossbreeding at treatment stage.

2.2. Treatment stage

D. melanogaster & wild-type strain was crossed with @ wild-type strain in glass bottle that the same size
as cultured bottle, both of it 2 X 24 hours after hatching from pupae. For experiments, a pair of four replicates of
D. melanogaster were fed with two different concentrations of 2.0% and 2.5% of MSG. Along with treated, the
control flies were also set up without MSG. After 2 x 24 hours crossed, male fly was removed from the bottle.
This study was conducted over two generations.

2.3. Data collection and analysis

The data of offspring number were obtained by recording the number of adult filial at each generation.
Then, the data were calculated with two way ANOVA test at a significance level of 0.05 if normally distributed
assumption were meet. Furthermore, LSD test performed when the ANOVA test result was significant. If
normality assumption were not met, the data were calculated using Scheirer-Ray-Hare Test.

3. RESULTS AND ANALYSIS

Fig. 1 is the graphs show the average of offspring number in control and experimental group. Based on
the graph, it can be seen that the offspring humber appears differ at each difference MSG concentration and at
each generation. In addition, first generation always had higher offspring number than second generation.
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Figure 1. The average of offspring number in control and experimental group
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The summary of ANOVA test on the nondisjunction frequency can be seen in Table 1. Based on ANOVA
result, F count concentration variable on offspring number was 25.159 with the p-value 0.000 < 0.05. Thus, null
hypothesis was rejected and research hypothesis states was accepted. Based on LSD result that can be see in Fig.
2., the 2.0% treatment had a significantly higher offspring number than the other groups and the 2.5% treatment
was the lowest. An increasing of flies number at the 2.0% MSG treated indicated MSG at the concentration had
no negative impact on fruit fly.

Table 1. Summary of ANOVA Test on Offspring Number of D. melanogaster

Source Type 111 Sum of Squares df Mean Square F Sig.
Corrected Model 20550.000° 5 4110.000  12.923 .000
Intercept 87121.500 1 87121500  273.943 .000
Concentration 16002.750 2 8001.375  25.159 .000
Generation 4482667 1 4482667  14.095 .001
Concentration * Generation 64.583 2 32.292 102 .904
Error 5724.500 18 318.028

Total 113396.000 24

Corrected Total 26274.500 23

a. R Squared = .782 (Adjusted R Squared = .722)

Based on the results of this study, it can be seen that the presence of MSG can affect the number of flies.
This is in agreement with the results or statement obtained by several authors who informed environmental
variation may influence body condition and fecundity via nutritional effects resulting from variability in food type
availability [18-20]. Then, at the 2.5% MSG treated, the number of flies significantly decrease. This result indicate
atthe level 2.5%, MSG had negative impact on fly. Similar results were reported recently in that report the addition
of several food additives in the diet of Drosophila causing the decreasing of adult filial number of this flies [20].

The decreasing of flies number can be caused of the decreasing of fertility, fecundity, hatchability, and
viability of flies. But, until now, there is still no researcher who reviewed the effect of MSG fecundity and fertility
in Drosophila. However, some researchers have studied it in the other model organisms, such as in rat and mice.
Administration of MSG in rat were reported causing reduction sperm cell count and sperm motility [21,22]. MSG
also induced histological changes in the testes, both the germinal epithelium and Leydig cells were affected and
there was fewer spermatogenic cell in many of seminiferous tubules Swiss Albino mice [23]. Moreover, MSG
consumption is capable of causing impairment in male reproductive function an may probably be implicated in
infertility via alteration in both semen characteristics and testes in Wistar rats [10].
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Figure 2. Summary of LSD test Concentration Variable on Offspring number of D. melanogaster
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Not only in male, MSG administration but also affected female reproductivity. MSG was indicated
induced considerable structural changes, including degeneration of follicles, oocytes, and medulla with vacuolas
having congested blood vessels in the ovaries of Sprague-Dawley rats [24]. Moreover, MSG administration of
MSG to adult wistar rats have been demonstrated causing cellular hypertrophy, degenerative and atrophic changes
in adult Wistar rats ovaries [25]. MSG administration has also been reported decreasing hatcability and viability
of Drosophila [20]. Both of it can also affect the filial number of flies.
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Figure 3. Summary of LSD test Generation Variable on Offspring Number of D. melanogaster

Based on ANOVA result in Table 1, F count generation variable on offspring number was 14.095 with
the p-value 0.001 < 0.05. Thus, null hypothesis was rejected and research hypothesis states there were significant
differences of offspring number in different generation was accepted. Based on LSD result that can be seen in Fig.
3., first generation had a significantly higher offspring number than second generation. This result is agreement
with previous study reported the effects of MSG were less severe in F1 generation but much in F2 generation [26].
One reason is there is an accumulation of MSG in the second generation of the previous generation. Moreover,
several study have reported that MSG act as mutagen [27]. So, in the present results, it suggests MSG might have
caused a new mutation which is recessive in its action [26].

4,  CONCLUSION

Result presented in current study indicate higher concentration of MSG administration, lower filial
number of D. melanogaster. Furthermore, the effects of MSG were more severe in second generation of the
previous generation. For further studies, it is recommended to add replication and treatment levels, studies using
different model organisms, and using more generation to validate the findings of this study and to get more
information about the effect of MSG on various organisms.
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