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ABSTRACT
Backgroud: Cognitive function when impaired in the elderly is not necessarily indicative of
morbidity but it could be a sign of preclinical Alzheimer's Disease (AD) one of the most
common forms of dementia in the elderly. Previous observational work in humans suggested that
different typesof soy products may have different effects on cognitive functions. The aims of
this study were to analyze the differences in nutrient content and isoflavones in tempe flour
and tofu flour and to analyze the effect of tempe and tofu flour on cognitive function of
female rats after ovariectomy.
Method: Seventy two (72) white female Sprague Dawley strain rats, aged 12 months were
used for this study. Before the intervention 52 rats underwent ovariectomy (OVx) and were
grouped into 4 intervention groups: tempe flour (Tp), tofu flour (Tf), estradiol (E2), casein, as
a control protein (Cs). The remaining 20 rats were classed as controls without ovariectomy
(NO). Cognitive function was measured using a maze test. One-Way ANOVA with
Polynomial Contrasts and Post Hoc LSD were used with a p-value <0.05 to indicate
significance.
Results: The content of nutrients (Vitamin B6, Vitamin B12, folic acid) and isoflavones
(genistein) all were higher in tempe flour higher than in tofu flour. After 8 weeks compared
to baseline 2 (which was after OVx), the Tp group had showed significantly increased
cognitive function (P<0.05), while the Tf group, the eE2 group and the Cs group also all had
increased performance, but not significantly so (P>0.05). There was no change in scores in
the NO group.
Conclusions Intervention by tempe flour can increase cognitive function in female
ovariectomized female rats. Further research should focus on other aspects of cognitive
function and the content of amyloid plaques and neurotransmitter synthesis in the brain..
Keywords: tempe flour, tofu flour, estradiol cognitve function, ovariectomized female rats

Background
Alzheimer's Disease (AD) is a progressive neurodegenerative disease, which is the leading
cause of dementia in the elderly and which becomes more common with age (Kandel et al.
2002). The prevalence of AD is approximately 1.5% at the age of 65 years, doubling every 4
years and reaching ~ 30% at the age of 80 years. One of the main characteristics of AD is
impaired cognitive function impacting on activities of daily life.. Risk factors that may cause
cognitive disorders and dementia are varied and include genetic factors, diabetes mellitus,
smoking, depression, high blood pressure, high total cholesterol, obesity, cardiovascular
disease, lack of physical and social activity, the loss of estrogen and early menopause, and a
deficiency of folic acid and vitamin B12 (Seriana 2012; Hogervorst, 2012; Barnes and Yaffe,
2011). Factors that may improve cognitive function may be vitamin B6, vitamin B12, folic
acid, isoflavones, hormone replacement therapy (HRT), physical activity / exercise and
education (Lee 2010, La Rue 2000; Hogervorst, 2012; Hogervorst, 2011).

HRT is given to increase the levels of estrogen in postmenopausal women. This is done
because after menopause, giving estrogen can influence and help regulate functions of g the
reproductive system, the brain and central nervous system, bones, and the urinary tract. HRT
therapy has shown many benefits to the aging process, but the use of hormone therapy comes
with an increased risk for some cancers and thrombosis (Kaspers-Kreijkamp et al, 2005)
while those for heart disease and dementia may be age-dependent (Hogervorst, 2014).

Various natural and artificial substances have been found to have similar estrogen function
(Fang et al., 2001). Artificial substances that are similar to estrogen are called xenoestrogen,
while natural ingredients from plants that have similar estrogenic functions are called
phytoestrogens. Foods that contain phytoestrogens and are widely consumed in Indonesia are
tempe and tofu. Tempe is a fermented soybean product made with molds, whereas tofu is
made of soybean curd without fermentation.

Our earlier Indonesian work showed that elderly aged 60 years and over who consumed 75 g
of tempe and 150 g of tofu per day had better cognitive function than those who did not
(Aryani 2010). A study of community dwelling older adults also showed positive associations
between tempe consumption and memory (Hogervorst et al., 2008; 2011). However, those
older than 68 years of age, who ate tofu more frequently had lower memory functions and

higher dementia risk than those who reported to eat less (Hogervorst et.al, 2008). Similar
associations were reported of tofu on the same memory test in Chinese community dwelling
elderly over 68 years of age in Shanghai (Xu, 2014). Earlier research carried out by White et
al. (2000) also showed that Japanese American elderly older than 71 years who ate tofu more
than twice a week had a higher risk of dementia, brain atrophy and cognitive decline than
those consuming less tofu. On the other hand, these associations have not been reported in
other Caucasian populations, possibly because they consume on average less tofu (Soni,
2014).

Age may be another factor as we earlier found that optimal levels of genistein for optimal
cognitive function, the most potent phytoestrogen, in middle-aged women as compared to
older women who showed only negative associations (Hogervorst, 2009). Possibly thus
consuming soy products before the age of 68 years can have a positive effect in improving
cognitive activity that includes memory and concentration, because isoflavones can have
estrogenic effects. Isoflavones are functionally similar to 17β-estradiol and the estrogen
receptor (ER) is involved in cognitive processes such as learning and memory, as it expresses
in the hippocampal formation (HF), amygdala, and cerebral cortex (Anna et al., 2009).

The purpose of this study was to analyze the differences in nutrient content and isoflavones in
tempe flour and tofu flour. In adition, the effect of different tempe and tofu flour on
cognitive function of female rats with and without ovariectomy was investigated as the rats
aged. Our earlier meta-analyses showed that ovariectomy, when done before the natural age
of menopause confers risk for accelerated cognitive decline and dementia (Hogervorst, 2014;
Soni, 2014)

Method

This research was carried out using an completely randomized design (CRD). Spraque
Dawley strain female rats (n=72) were obtained from the Faculty of Veterinary Medicine, of
Bogor Agricultural University. Rats were kept in cages and given water ad libitum. The two
weeks after the adaptation period was called baseline 1. Rats were then ovariectomized and
given a standard feed for 3 months.. Then the rats were given the interventions for 2
months,this included tempe and tofu flour in pellets as well as estradiol as a positive control
and casein as a negative control.

In this study, animals were randomly divided into 5 groups : 1) tempe flour after OVx, 2)
tofu flour after OVx, 3) estradiol after OVx, 4) casein after Ovx, and 5) casein without Ovx
(n=16). One week after the adaptation period, four rats were assessed for cognitive function
(baseline 1). 3 months after ovariectomy with standard feed each group of four per treatment
group were assessed to establish baseline 2. Before ovariectomy, rats were anesthetized using
ketamine total of 10% (10-20 mg / kg) and xylazine 2% (2 mg / kg). Implementation of
surgery was performed by a veterinarian.

Of 52 rats that had undergone ovariectomy,48 survived and these were allocated to their
intervention. Of the non-ovariectomized group (NO) 12 survived.

Investigation of cognitive function was conducted in the Inpatient Installation Animals (IIA),
of the Veterinary Hospital at IPB. The intervention was conducted over two months with
three observation points;the first in the second week after the intervention, the second in the
fifth week and third in the eighth week. At each point of observation, blood was also taken
from each rat

Interventions were carried out for 2 months. Feed composition according to the AIN-93M
consisted of 14% protein, 5% minerals, 4% fat, 1% vitamins, 5% fiber , 5% water and 66%
starch. Total feed consumption was determined by the fair feeding of 15 g total feed per rat.
The expectation was that each rats consumed the same amount. In the casein group, tempe
and tofu flour (howmuch) was substituted for casein rendering the same amount of protein. In
the estradiol group,rats were given ethinylestradiol (synthetic estrogen 9x10-3 mg / day / 200g
body weight) alongside standard feed using a sonde.

Tests of cognitive function is done by putting a rat in a maze at the start position. Time
measurements and observations (problem solving skills) were taken up to five minutes.
Assessment of cognitive function category was divided into 4 categories:
Score 4 (Very good): Once put in the maze sniffing activity and walking, climbing walls, and
reaching the finish point is less than 5 minutes.
Score 3 (good): Once put in the maze constantly sniffing activity and walking, climbing walls,
but does not reach the finish.
Score 2 (fair): Once put in the maze continuously performs activities (smelling) and range
from 0.5 minutes to , climbing walls rarely done, does not reach the finish.

Score 1 (poor): Once put in the maze constantly sniffing and walking activities from 0.5
minutes, climbing walls is not done and does, not finish (Mirza 2012).

Figure 1. Maze to measure cognitive function
Nutrition and Isoflavone Content Analysis of Tempeh and Tofu Flour
Nutrients content analysis included: vitamin B6, vitamin B12, folate, and isoflavone content
(genistein) using the High Performance Liquid Cromatography (HPLC) method. Analysis of
proteins was performed using the Kjedahl methods.

Data Analysis Procedure
To investigate the difference between treatment groups we used repeated measures ANOVA
with post hoc LSD polynomial contrast in SPSS 17.0 with a p-value of 0.05 to indicate
significance.

Results
Substance Content of Isoflavones and Nutrition in Tempe and Tofu flour
The results of the analysis of isoflavones, vitamin B6, folate, and vitamin B12 in tempe and
tofu flour using HPLC is shown in Table 1. Results of the analysis of proteins using the
Kjedahl method is also presented in Table 1.

Table 1 Nutrient content and isoflavones of tempe and tofu flour
No

Nutrient

Tempe flour

Tahu flour

1

Isoflavone (genistein) (mg/100 g)

50.56

19.92

2

Folate (mg/100 g)

0.025

-

3

Vitamin B6 (mg/100 g)

0.28

0.19

4

Vitamin B12 (mcg/100 g)

0.97

-

5

Protein (g/100 g)

41.5

47.4

The results showed that tempe flour has twice as much genistein as tofu flour, which also did
not contain detectable levels of folate and B12 vitamins and much smaller amounts of B6.

The protein content of tofu flour (47.4%) was slightly but not significantly higher than tempe
flour (41.5%).

Effect of Tempe and Tofu Flour on Cognitive Function
Rats given tempe flour in the second week of the intervention showed they could reach the
finish in less than five minutes and were actively engaged until the fifth week (Table 2), but
their performance began to decline in the eighth week. Rats given the estradiol intervention
showed an improvement up to the fifth week of the intervention but at the eighth week,
performance began to fall. In the tofu flour condition, rats showed an improvement until the
second intervention week, with a decline in performance from the fifth week, which was
significant. Rats given the casein intervention had the lowest cognitive function compared to
the other interventions reflecting the ovariectomy effect on memory function. Casein
performance was significantly worse at all time points compared to that during tempe which
rendered the best performance.

Table 2 Mean ± SD (95% CI) of cognitive function group of tempe flour, tofu flour,
estradiol, casein, non ovariectomy
Feeding
time

2 weeks

5 weeks

8 weeks

Intervention group
Tempe
flour
(Tp)

Tahu
flour
(Tf)

4.00±0.00 3.75±0.5

Estrad
iol (Es)

Casein
(Cs)

Non
ovariekto
mi (NO)

2.75±0.9
6

2.5±1.0

2.75±1.50

(0.914.09)

(0.365.14)

(4.004.00)

(2.954.54)

4± 0

2.75± 0.96

3.75± 0.5

(4-4)

3.25± 0.5 3.75±
0.5
(2.454.05)
(2.954.5)

(1.234.27)

(2.954.54)

3.75±0.5

3.5±0.58

2.75±0.96

2.75±0.5

(2.954.54)

(2.58-4.4) (3.0-3.0)

(1.234.27)

(1.953.54)

(1.234.3)

3.0±0.0

P
Value

0.136

0.053

0.100

Using post hoc analyses showed that the tempe flour group had improved cognitive function
at all points of observation compared to baseline 2 (P <0.05). The estradiol group only had
significantly improved cognitive function at the 5 weeks intervention compared to baseline 2
(P<0.05).

Table 3. Mean±SD (95%CI) difference in cognitive function between longer treatment with
baseline 2
Intervention

Intervention

Intervention

2 weeks -baseline 2

5 weeks -baseline 2

8 weeks-baseline 2

Tempe flour

1.25±0.46a
(0.28-2.24)

1.25±0.46b
(0.26-2.24)

1.0±0.46c
(0.01-1.99)

Tofu flour

0.5±0.63
(-0.85-1.85)

0.00±0.63
(-1.35-1.35)

0.25±0.63
(-1.09-1.59)

Estradiol

0.75±0.56
(-0.45-1.95)

1.75±0.56d
(0.55-2.95)

1.0±0.56
(-0.19-2.19)

Casein

0.25±0.73
(-1.31-1.81)

0.5±0.73
(-1.06-2.06)

0.5±0.73
(-1.06-2.06)

Non
Ovariectomy

0.0±0.84
(-1.78-1.78)

1.0±0.83
(-0.78-2.78)

0.00±0.84
(-1.78-1.78)

Description: The letter that accompanies the figure is a P value = 0.017; b = 0.017; c = 0.048;
d = 0.007

Discussion
The results showed that tempe flour contains twice the levels of genistein (50.56 mg / 100g)
of that found in tofu flour (19.92 mg / 100 g). This result is very similar to that of Rahardjo et
al. (2010) who showed that the content of isoflavones (genistein) was 55. 41 mg / 100 g in
tempe flour and 26.68 mg / 100 g in tofu flour. Isoflavones in these studies had a greater
value than those of Safrida (2008), where the genistein content in tempe flour was half at
25.06 mg / 100 g. Other studies also found lower genistein levels in tempe (Aryani, 2009) at
38.9 mg / 100 g but similar levels in tofu at 20.8 mg / 100 g. Another study also reported the
lower levels of genistein in tempe (Utari, 2011) at 30.8 mg/100 g. Different storage and
processing of tempe may have resulted in lower levels found. Here we used a freeze drying
method which may have maintained genistein levels better. It may that the isoflavone content
is lower in tofu because when tofu curd is separated in the vinegar water much of the
isoflavone remains behind in the fluid. (Petterson and Kiessling 1984; Taher 2003).

Interestingly in our study, protein levels were similar between tempe and tofu. However,
tempe flour has a higher nutrient content than tofu flour because during the fermentation
stage the immersion in acidic conditions results in the growth of bacteria for the synthesis of
vitamin B2, vitamin B6, vitamin B12, niacin, biotin, folic acid, and pantothenic acid
(Hermana and Karmini 1999; Pawiroharsono 2007).

Tempe flour improved cognitive function significantly better than casein and it tended to be
superior over estradiol and tofu. This may be the case because soybean flour contains
isoflavones, vitamin B6, vitamin B12 and folic acid in higher levels than the tofu flour. Based

on research by Hogervorst et al. (2008) Indonesian elderly who ate tempe had better memory
function than those who are tofu. However, the majority of people who eat both tofu and
tempe and it seemed that tempe may have off-set negative effects of tofu in those over 68
years of age. Aryani (2009) found that elderly women who ate tempe (75 g) and tofu (150 g)
had better cognitive function (10.94 times greater than not eating either food) than elderly
who only ate tofu (7.48 times) or only tempe (1.45 times). In addition, data from Oxford
showed that women who had high levels of estrogens but also high levels of folate did not
score below the cut-off of dementia while women who had lower folate levels with high
estrogens did score below this cut-off (Hogervorst, 2003). It may be that folate protects
against (phyto)estrogens by affecting plaque formation. Whereas

estrogens and

phytoestrogens may exert positive effects on the brain and vascular system in middle-aged
women, the effect may be negative in those over the age of 65 years (Brinton-Diaz, 2005)

At the time of the intervention at 5 weeks, of age of rats had the equivalent of humans being
over the age of 65, rats given tempeh flour were still cognitively well, but those given tofu
flour had decreased performance. These results are consistent with human studies, where
administration of HRT at the age of 65 years can increase the risk of dementia (Hogervorst et
al., 2008).

Folic acid or folate as found in tempe plays a role in DNA synthesis in producing new cells
(Sizer and Whitney 2006). Folic acid functions as a carrier of the methylation cycle. In this
cycle, the methyl group of methionine is activated by adenosine triphosphate to form Sadenosylmethionine (SAM or AdoMet). SAM is a universal methyl donor involved in methyl
transfer reactions of few vital organs, namely the central nervous, being important as a
component

of

the

cell

membrane

synthesis

of

phosphatidylcholine

from

phosphatidylethanolamine. Through the transfer of a methyl group, SAM is converted to Sadenosylhomocysteine (SAH), which is hydrolyzed to homocysteine. Homocysteine can
regenerate methionine for the methylation cycle by acquiring an additional new methyl group
of 5-methyltetrahydrofolic acid in the reaction catalyzed by methionine synthase (Selhub
1999). In liver and kidney, choline can produce labile methyl groups for the regeneration of
methionine from homocysteine by betaine-homocysteine methyltransferase (BHMT). This
alternative pathway is an important way to maintain the methylation capacity during
conditions of folate, vitamin B12, and methionine deficiency (Park and Garrow 1999).

Vitamin B12 is necessary to convert folic acid into its active form and function for the normal
metabolism of all cells, especially cells of the gastrointestinal, bone marrow system and nerve
tissue. Deficiency of vitamin B12 affects cognition, namely the presence of brain atrophy and
white matter damage in the spinal cord and brain. Brain atrophy is a factor that can cause
cognitive decline and dementia (Vogiatzoglou et al., 2008). Research of Johnson et al. (2003)
showed that low vitamin B12 status is associated with a decrease in the process of
remembering (memory recall) and elderly with vitamin B12 deficiency tend to have poor
cognitive function. Research on men in Boston by Tucker et al. (2005) found that low plasma
concentrations of vitamin B12 can be used to predict cognitive decline.

This result is consistent with previous studies that estrogen affects and helps to regulate the
function of the brain and central nervous system that affects the cognitive function (Gibbs
2006; Henderson 2004; Hogervorst 2000a; 2006; Maki 2006). Giving tempeh flour which has
twice of isoflavone content than tofu flour will increase estrogenic function. Several studies
have shown that isoflavones may improve cognitive function in the elderly (Gleason et al.,
2008; Pan et al. 2010) but this may depend on adequate folate and B12 status.

CONCLUSIONS AND RECOMMENDATIONS

Conclusion
The content of nutrients and isoflavones (genistein) in tempe flour was higher than that found
in tofu flour and this can increase cognitive function in ovariectomized female rats.

Suggestion
Cognitive function in this study is to measure the creativity of mice to reach the finish within
five minutes without any training, so, it further research is needed using other parameters
such as measuring memory, plaque, serotonin, dopamine, choline, and neuronal density.
Interventions were only carried out up to eight weeks, so there is also a need for further
studies with a longer duration of administration to test potential toxicity. Giving tempe flour
in different dosages also needs to be done to obtain the optimum dose for maintenance of
cognitive function. For the prevention of dementia and other diseases related to estrogen
deficiency and further test the age-effect, it is necessary to study both mice at a younger age
(premenopausal) and older mice (3 years).
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