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Effects of consuming red furu (fermented bean curd) on

serum vitamin B-12, homocysteine and other
cardiometabolic risk factors in young healthy
volunteers: A randomized controlled trial

Tshenolo Tsheko PhD!, Jiaojiao Gu PhD!, Wenfeng Tong MSc!, Renke Zhou MSc!,
Duo Li php!?

!Department of Food Science and Nutrition, Zhejiang University, China
’Institute of Nutrition and Health, Qingdao University, China

Background and Objectives: The health benefits of red furu in young, healthy volunteers had not been ade-
quately investigated. The aim of this study was to determine the effect of a single meal containing red furu on se-
rum vitamin B-12 (B-12), homocysteine and other cardiometabolic risk factors compared with that of tofu.
Methods and Study Design: Twenty-three healthy volunteers from Zhejiang University, China, were randomly
assigned to two groups of consumption, either red furu (n=11, 5 women and 6 men) or tofu (n=12, 6 women and
6 men). Volunteers consumed one breakfast meal composed of either 50 g of red furu (intervention group) or 50 g
of tofu (non-active comparison group) with two slices of bread. Fasting blood was collected at 0 h, 24 h, and 72 h.
Standard methods were used to measure the volunteers’ biochemical parameters. Results: The consumption of 50
g of red furu a day did not significantly affect serum B-12 and showed a non-significant trend to reduce serum
homocysteine. In the red furu group, but not in tofu group, serum concentrations of B-12 and folate were nega-
tively associated with homocysteine, and B-12 was positively associated with folate. Conclusions: A breakfast
meal with 50 g of red furu containing 0.096 pg of B-12 did not increase serum B-12 in healthy volunteers. These

results suggested that one meal containing B-12 could be sufficient to reduce serum Hcy.
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INTRODUCTION

Vitamin B-12 (B-12) in fermented soybean products is
considered beneficial to human health.! B-12 benefits
include the prevention of megaloblastic anemia, the pro-
motion of blood maturation, and the maintenance of a
healthy nervous system.? Recent research has shown con-
siderable interest in B-12, particularly in the association
between homocysteine (Hcy) and chronic diseases, espe-
cially vascular diseases.’ Folate and B-12 are influential
in the regulation of Hcy concentration. Blood Hcy is
directly influenced by folic acid and B-12 status, with
lower levels being associated with elevated Hcy.®

The health benefits of soybean products have been
documented extensively. However, in Asian countries,
fermented soybean is the preferred form because it con-
tains B-12. Red furu is used as a cooking ingredient in
Chinese cuisine and as a condiment when consuming
noodles, Chinese bun or dumplings.® A literature review
revealed that no reports of human trials on the effect of
red furu consumption on serum B-12, Hey, and other car-
diometabolic risk factors currently exist.

The aim of the present study was to compare the effects
of a commonly consumed Chinese fermented soybean
product with high B-12 content with those of a similar
soybean product containing no B-12. Tofu was used as

the non-active comparator. The effects of red furu on the
serum levels of B-12 and Hcy were measured at 0 h, 24 h
and 72 h as primary outcomes, and the serum levels of
lipids and other biochemical parameters were also meas-
ured as secondary outcomes in the present study.

METHODS

Blood specimen collections

For serum biochemical analysis, fasting blood samples
were collected by venepuncture from fasted volunteers in
the mornings. Visit 1 (0 h) — a baseline fasted venous
blood sample (10 mL) was collected and instructions on
what to eat and not eat during the trial period were elabo-
rated in the questionnaire and also further explained dur-
ing the blood withdrawal sessions. Visit 2 (24 h) and visit
3 (72 h) - fasted venous blood samples (10 mL and 5 mL,
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respectively) were collected. Serum was used for all bio-
chemical parameters. Serum was isolated by centrifuga-
tion at 1000 g for 10 min. Serum B-12 levels, iron, folate,
ferritin and Hcy were measured at the clinical testing la-
boratory using commercial kits with the following normal
ranges, folate was 7.0-46.4 nmol/L, ferritin, 20-500
ng/mL (men): 20-200 ng/mL (women), B-12; 138-652
pmol/L, iron; 5.8-34.5 umol/L, Hey; 5-9 umol/L. There
was insufficient serum to measure all lipids levels for
some volunteers.

Study design and meals

The study was a randomized controlled trial. The study
protocol was approved by the Ethics Committee of Col-
lege of Biosystem Engineering and Food Science at
Zhejiang University (ZJU-BEFS-2017001). The exclu-
sion criteria were no history of gastrointestinal, liver, or
kidney diseases, not taking antibiotics or B-12 supple-
ments within one month prior to enrolment. Thirty volun-
teers were recruited through social media from Zhejiang
University, China. Six volunteers withdrew for personal
reasons and one volunteer was excluded for a medical
condition. Twenty-three volunteers were subsequently
randomized by a computer-generated random numbering
program retrieved from the website randomizer.org (Ta-
ble 1 and Figure 1). The volunteers signed a consent form
before participating. The volunteers were advised to con-
tinue with their usual diet, and to avoid the consumption
of fermented soybean products during the three days trial
period. The volunteers were requested to record their die-
tary intake in the 72 h trial period. The study was con-
ducted in order to investigate the serum changes of lipids
and other biochemical parameters of the volunteers 1 day
before, 1 day during and 1 day after the intervention (0 h,
24 h, and 72 h). The breakfast test meal was administered
by the researcher in the same location in the Department
of Food Science and Nutrition. The red furu used for the
study contained 0.192 pg of B-12 for 100 g of product
while the tofu contained 0 ug B-12 per 100 g measured
using standard microbiological assay, which uses Lacto-
bacillus leichmannii ATCC 7830. Red furu is usually
consumed as a cooking ingredient or condiment. Hence,

in the present study, the two groups were allocated to
consume a breakfast test meal containing either 50 g of
either 50 g red furu (n=11) or of 50 g tofu (n=12) with
two slices of plain bread at the start of the trial. Subjects
maintained their usual diets for the next 72 hours. Twen-
ty-three healthy young volunteers aged 19-39 years com-
pleted the trial (Table 1). Thereafter, comparisons be-
tween groups were performed.

A questionnaire including socio-demographics, health
history and diet pattern was completed by volunteers with
the researcher’s assistance. Volunteers were asked what
motivated their dietary pattern choice and whether they
normally consumed any foods and beverage items or sup-
plements to boost their B-12 concentrations.

The volunteers were guided by food props (number of
portions; cups, pieces, slices, grams and milligrams), for
measurement accuracy. Volunteers’ diet history was used
to evaluate B-12 intake, assess energy, nutritional compo-
sition micronutrient and macronutrient intake adequacy of
the diet in order to ensure that volunteers’ daily diet hab-
its were captured. The volunteers’ normal diet habits were
monitored to detect what B-12-containing foods they con-
sumed apart from fermented soybean products. Food con-
sumption was transformed into energy and nutrient in-
takes (B-12, folate, iron, calcium, vitamin C, vitamin D,
carbohydrate, fat and protein) using Chinese nutrition
software program, calculated on the basis of the China
Food Composition (2nd ed.) provided by the Chinese
Nutrition Society, which was compiled using Chinese
value for the nutrient composition of foods calculated by
Nutrition calculator adapted from Yang et al.”

Statistical analysis

Statistical analysis was performed using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA) and Graphpad Prism
7, San Diego, CA, USA). For group comparison, a one-
way ANOVA test was used for comparing the changes of
tested biomarkers effects of time and the interaction of
intervention and time points between groups. When a
significant time X group interaction was observed, a post
hoc test was applied to examine the group X time interac-
tion between the two groups. Variables were assessed

Table 1. Baseline demographics of volunteers in the red furu and tofu groups

Tofu group Red furu group o
(n=12) (n=11) % Overall

Age

Women ( 20-39 y) 29.17+6.41 23.67+3.86 49.0

Men ( 20-37 y) 25.67+4.50 27+7.35 51.0
Gender, n

Women 6 5 49.0

Men 6 6 51.0
BMI (kg/m?) 22.86+4.05 23.88+2.81
Dietary category, n

Non-vegetarian 11 8 83.3

Lacto-ovo-vegetarian 1 3 16.7
Race, n

African 8 7 66.7

Asian 4 1 20.8

European 0 2 83

Indian 0 1 4.2
Subjects 12 11 23
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Figure 1. Diagram of the study design. Fermented bean curd was used as intervention (red furu group) and traditional non-fermented

white tofu was used as a non-active comparator (tofu group).

with Pearson’s correlation. The values were reported as
mean + SD in all the results tables and mean + SEM for
all the graphs. p-value less than 0.05 were considered to
be significant.

RESULTS

Characteristics of volunteers

A total of 23 volunteers completed the study; (11 women
and 12 men), (19 omnivorous and 4 lacto-ovo-
vegetarians), red furu group n =11 (6 men, 5 women) and
tofu group n=12 (6 men and 6 women). The study includ-
ed 15 (66.7 %) Africans, 5 (20.8 %) Asians, 2 (8.3 %)
Europeans and 1 (4.2 %) Indian (Table 1).

Flow diagram of volunteers

The flow diagram summarizes study assignment accord-
ing to randomization group, (red furu; n=11) and tofu;
n=12). Thirty subjects were recruited, 7 withdrew, 6 for
personal reasons and 1due to a medical condition (Figure

1.

Dietary intakes

The commercial red furu, a fermented bean curd that was
used for the intervention in the present study, is illustrated
in (Figure 2). The dietary nutrient intakes of volunteers
are presented in (Table 2). The volunteers’ intake of car-
bohydrates, fibre, folate, calcium, and vitamin D signifi-
cantly increased compared with the baseline for both
groups over the 72 h. In total, 62.5 % of the volunteers
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Figure 2. Study test meal sample; red furu (0.192 pg per 100 g
of B-12). The meal consisted of 50 g of red furu with two slices
of bread consumed for 1 day

consumed fermented soybean products either as a condi-
ment or as cooking ingredient (once to twice a week),
whereas 37.5 % did not consume fermented soybean
products in their usual diets. In their usual diets, 78 % of
the volunteers obtained their B-12 by consuming red meat,
fish, eggs, seafood, poultry and dairy. On the other hand
13 % of the volunteers supplemented their diets with B-
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Table 2. Dietary intake of nutrients for red furu and tofu groups

Dietary intakes Oh 24 h 72 h Group %r::ue Time x Group

Energy(Kcal) 0.99 0.98 0.99
Tofu 20004170 2005+165 2009+154
Red furu 20004397 2007397 20094398

Protein (g) 0.32 0.10 0.90
Tofu 4948 54+10 57+12
Red furu 48 15 54+17 57+16

Carbohydrate (g) 0.002* 0.02" 0.69
Tofu 179460 213+60 239476
Red furu 159457 192+57 205. £74

Fat (g) 0.74 0.67 0.20
Tofu 6121 62+27 57421
Red furu 56+18 58422 60+21

Cholesterol (mg) 0.28 0.71 0.46
Tofu 208+76 141£72 207113
Red furu 196£115 181177 220+144

Fiber(g) 0.23 0.001" 0.58
Tofu 542 943 7+3
Red furu 542 8+3 642

Total iron (mg) 0.31 0.71 0.04
Tofu 10+2. 14+4 134£2
Red furu 1245 13+4 1243

Folate (ug) 0.14 0.01* 0.37
Tofu 30£19 26+17 43+42
Red furu 28. £16 34422 50+37

Calcium (mg) 0.61 0.03" 0.64
Tofu 271£81 3564283 366+£208
Red furu 25194 385+£219 3714+203

Vitamin D (ug) 0.03" 0.03" 0.55
Tofu 0+0 243 1+1
Red furu 0+1 243 1£1

vitamin B-12 (g) ND ND ND
Tofu ND ND ND
Red furu 0.09+0.11 ND ND

Vitamin C (ng) 0.64 0.74 0.07
Tofu 6045 51432 75146
Red furu 62+50 68+61 61+40

Vitamin A (ug) 0.36 0.66 0.97
Tofu 436+351 5804501 5564392
Red furu 480+381 611+465 5844385

ND: not detected.

fOne-way ANOVA was performed to test differences of continuous variables between groups and time points. Interaction test was con-

ducted by including group, time and the interactions terms (group multiplying time) simultaneously.

"p<0.05 was regarded as statistically significant.

12 and 9 % of the volunteers consumed fortified foods
and beverages. One Rastafarian lacto-ovo- vegetarian
volunteer did not consume any dairy or fish. Volunteers’
dietary records noted the consumption of protein-rich
foods and fried and boiled tofu. Volunteers’ intake of iron
was from both heme and non-heme sources of iron, which
encompassed fish, egg, poultry, fruits, vegetables, leg-
umes and grains.

The high dietary folate intake observed in the present
study was attributed to the high intake of folic acid from
fortified food, fruits, vegetables and legumes. Folate in-
takes increased for both groups over the 72 h period. Dur-
ing the trial, red furu was the only food item identified as
a source of B-12 by the Chinese nutritional software pro-
gram used (Table 2). This outcome was likely influenced
by the limited data available on B-12 content in Chinese
Food Composition Data Base.

Changes in serum biochemical parameters

Changes of serum concentrations of B-12, Hcy, folate,
ferritin and iron after one meal of red furu or tofu be-
tween groups and time points are shown in (Table 3).
There were no significant changes in any of the serum
parameters measured, and particularly for B-12, Hcy or
folate over the 72 hours of this study (Table 3).

Although there was no significant change in B-12 over
the 72 h for either group, Figure 3 shows that B-12 levels
for red furu group were reduced in 6 of 10 of eleven vol-
unteers at 72 h compared with 0 h and there was an in-
crease in one of the eleven volunteers at 72 h. In the tofu
group, the B-12 levels declined in six of twelve of the
volunteers for tofu group at 72 h (Figure 4).

Although there was no significant change in Hey over
the 72 h for either group, there was a non-significant
trend for serum Hcy to decrease in the red furu group
(Figure 5) shows that Hcy levels decreased in 9 of 11
volunteers at 72 h in the red furu group (Figure 5). In the
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Figure 3. Pattern of change in individual serum B-12 in the red furu group during the 72 h trial period.
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Figure 4. Pattern of change in individual serum B-12 in the tofu group during the 72 h trial period.

tofu group, three of twelve showed an increase at 72 h
(Figure 6). Changes of glucose (GL), total cholesterol
(TC), triglyceride (TG), high density lipoproteins-
cholesterol (HDL-C) and low density lipoprotein-
cholesterol (LDL-C) after one meal containing either red
furu or tofu are presented in (Table 3). There were no
significant changes in TC, TG, HDL-C and LDL-C ob-
served in either the red furu or the tofu group.

The relationship between serum concentrations of B-12,
folate with Hey, and the relationship between B-12 with
folate for red furu and tofu groups are reported in Figures
7 to 9. There were highly significant negative correlations
between serum Hcy and B-12 at each time point of the
study in the red furu group, but not in the tofu group.
There were also significant negative correlations between
Hcy and folate at each time point of the study in the red

furu group, but not in the tofu group. Finally, there were
significant positive correlations between serum Hcy and
B-12 at each time point of the study in the red furu group,
but not in the tofu group.

DISCUSSION

The present study revealed that one meal of 50 g red furu
containing 0.096 ug B-12 did not significantly increase
the serum B-12 in the 72 h following the meal in young,
healthy volunteers. Whether the short intervention period
or the adequate B-12 status was responsible for this out-
come could not be determined. In this trial, red furu
which is a good source of B-12 did not significantly alter
serum B-12, Hey or folate, however it was observed that
there was a non-significant trend for Hcy to decrease over
the 72 h of the trial in the red furu group. We found some
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Figure 5. Pattern of change in individual serum Hcy in the red furu group during the 72 h trial period

Table 3. Biomarkers for red furu and tofu groups among young, healthy volunteers

. p-value
Variables Oh 24h 72h Group Time Time x Group
B-12 (pmol/L) 0.23 0.99 0.99
Tofu 344.94+255.6 338.0+£254.3 329.5 +£239.7
Red furu 288.6+96.1 281.6 £100.3 279.6+107.8
Hey (umol/L) 0.59 0.97 0.26
Tofu 12.74£3.7 13.244.7 14.5+6.1
Red furu 13.7+4.5 12.8+4.0 12.6 £5.0
Ferritin (ng/ml) 0.75 0.99 0.99
Tofu 60.1 £57.9 63.8 +62.1 62.8+58.0
Red furu 68.5 +80.6 68.4 +78.1 65.9.£77.1
Iron (umol/L) 0.79 0.93 0.77
Tofu 13.74£8.5 14.6 £12.0 15.7+8.4
Red furu 16.3£7.3 14.3£7.2 15.0 +4.51
Folate (nml/L) 0.27 0.63 0.93
Tofu 11.8£3.0 10.4£3.9 11.1+£33
Red furu 10.543.5 9.9+£3.3 10.0£3.3
Glucose (mmol/L) 0.64 0.82 0.36
Tofu 3.8+0.7 4.2+£1.0 3.3£1.5
Red furu 4.4+03 3.7+0.8 4.7+0.3
TC (mmol/L) 0.38 0.42 0.26
Tofu 3.5+0.6 4.0£1.82 4.842.1
Red furu 4.1+0.5 3.2+1.3 3.2+1.3
TG (mmol/L) 0.80 0.70 0.52
Tofu 0.8+0.3 0.7+£0.2 0.6 +0.2
Red furu 0.7+0.2 0.6+0.1 0.6 +0.2

HDL-C (mmol/L) 0.77 0.48 0.21
Tofu 0.9£0.3 1.2 +£0.0 1.4 0.1
Red furu 1.1+0.2 0.9£0.3 1.1£0.1

LDL-C (mmol/L) 0.69 0.40 0.29
Tofu 1.3£0.3 1.4£1.1 1.5+1.0
Red furu 1.6£0.4 1.1£0.6 1.1+0.5

fOne-way ANOVA was performed to test differences of continuous variables between groups and time points. Interaction test was con-
ducted by including group, time and the interactions terms (group multiplying time) simultaneously.
*p<0.05 was regarded as statistically significant.

interesting correlations between these three serum param- Thirdly, we found that there was a significant positive
eters in the red furu group but not in the tofu group. First, correlation between serum B-12 and folate in the red furu
it was established that there was a significant negative group. These correlations might be explained by the inter-
correlation between serum B-12 and Hcy and between relationships between these parameters as shown in (Fig-
serum folate and Hcy in the serum in the red furu group. ure 10). A study by McKully?® found supplementation of
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Figure 7. Correlation between B-12 and Hey at (0 h- 24 h- 72 h) three-time points in red furu (A, C, E) and tofu (B, D, F) groups. Mean +

SEM were used when comparing the measured values statistically. Red furu and tofu results were tested by Person’s correlation coeffi-
cient.
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Figure 8. Correlation between folate and Hey at (0 h- 24 h- 72 h) three-time point in red furu (A, C, E) and tofu (B, D, F). Mean = SEM
were used when comparing the measured values statistically. Red furu and tofu results were tested by Person’s correlation coefficient.

B-12 and folate were effective in reducing plasma Hcy
concentrations. A study in B vitamin supplementation
comparing the effects in patients with Hey related disease
with those in healthy volunteers found that B-12 supple-
mentation effectively reduced Hcey levels in patients and
in healthy volunteers.® Although, the strongest Hcy-
lowering effect was noticed in volunteers with high initial
Hcy and also in those with low initial B-12 concentrations.
This study concluded that combined vitamin supplemen-
tation reduces Hcy levels effectively in patients and in
healthy volunteers. However, the researchers observed a
moderate reduction in Hcy levels in volunteers with Hey
and B-12 levels within the normal range; from this obser-
vation the researchers raised the question that B-12 sup-
plementation does not only reduce Hcy levels in patients
but also in volunteers with Hcy and B-12 levels within
normal ranges.’ On the other hand another study conduct-
ed largely in younger individuals, showed that B vitamins
lowered plasma Hcy by substantial amounts and that this
effect was greater in people with higher Hcy and lower
folate levels.!® This study was confirmed in older men,

and showed that the Hcy-lowering effect was highest in
those who had lower serum concentration of B-12.'°
Therefore, in the present study in healthy young adults,
while there was no significant reduction in plasma Hcy,
there was an obvious trend to decreasing levels in the red
furu group, and the plasma Hcy was strongly negatively
correlated with serum B-12. Folic acid was not supple-
mented in this study, but it was found that the serum Hcy
was also strongly negatively correlated with serum folate.
Hcy is an intermediary sulphur containing product of
the methionine metabolism. In the normal metabolism,
Hey is  converted to  methionine by  5-
methyltetrahydrofolate Hcy methyltransferase via trans-
methylation reaction in the presence of B-12 and folate.!!
Therefore the proportions of vitamin B-12 and folate to
Hcy level are inversely associated and the supplementa-
tion of B-12 and folate reduces plasma homocysteine
level.'> We propose that the following explanations might
account for the correlations observed. The red furu meal
containing B-12 assisted in the lowering of serum Hcy
which could account for the negative correlation observed
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Figure 9. Correlation between B-12 and folate at (0 h- 24 h- 72 h) three-time point in red furu (A, C, E) and tofu (B, D, F). Mean = SEM
were used when comparing the measured values statistically. Red furu and tofu results were tested by Person’s correlation coefficient.

between these two parameters. The foods consumed by
the volunteers in the 72 h following the meal contained
adequate folate sources (as evidenced by serum folate
levels). Therefore the folate together with the supply of
B-12 from the red furu worked together to reduce the Hcey;
this could account for the negative correlation observed
between folate and Hey. In the tofu group, there was no
additional B-12 provided so we propose there was no
stimulus to the re-methylation cycle to lower Hey.

Previous studies have reported the importance of reduc-
tion of Hcy levels by investigating the Hcy-lowering ef-
fects of B-12, or folate alone or in combination.'>"> A
prospective, community-based study found plasma Hcy to
be strongly inversely associated with plasma folate level
and only weakly associated with plasma levels of B-12.'¢
Closely associated to the folate status are B-12, and Hcy,
whose concentration greatly depends on the folate status.
Serum folate concentrations are directly associated with
serum vitamin B-12 and both are inversely associated
with Hey.!”

Given that red furu exhibited effect although non-
significant, on the reduction of Hcy levels in the young,
healthy volunteers of various ethnicities who participated
in our study. These results suggested that red furu could
be efficient in reducing levels of Hcy in young, healthy
individuals in general. Our study demonstrated that the
factors influencing dietary intake trial outcomes are com-
plex and require further clarification. To determine the
reasons underlying the decreased, as opposed to an in-
crease in the serum levels of B-12 observed in young,
healthy volunteers after the consumption of red furu in
the present study, additional studies should be conducted.

Several limitations must be considered when interpret-
ing our results. Firstly, the low number of healthy sub-
jects from different ethnic groups with dissimilar dietary
habits, who consumed a single meal containing 50 g of
red furu for a short period of time. Secondly, the subjects
were not deficient in B-12 or folate. The above factors
may have resulted in insufficient power when comparing
the two groups. Thirdly, while we recommended that vol-
unteers maintain their usual diet, except for the additional
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consumption of fermented soybean products, but we did
not monitor their intakes during the 72 h trial. Finally, the
Chinese nutrition software program used could not detect
B-12 in the foods and beverages consumed by volunteers
during the study period, apart from the red furu.

Conclusions

The present study results showed that a meal containing
50 g of red furu did not increase the serum concentrations
of B-12 of healthy volunteers over 24 or 72 h, compared
with a meal containing 50 g of tofu. However, the find-
ings revealed a significant negative correlation between
serum B-12 and Hcy in the red furu group suggesting the
potential of red furu to lower serum Hcy. This has rele-
vance in reducing the risk of developing cardiovascular
diseases. Therefore, studies with a larger sample size,
longer duration, different study design, larger dose of B-
12, and volunteers who are deficient in B-12 should be
conducted in the future to examine red furu’s effect on
the serum B-12 and Hey.
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