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ABSTRACT: Pollen has high physiological value because it contains protein, essential amino acids, and 16 vitamins. How-
ever, pollen is difficult to absorb because of its hard form. This study explores the use of the acid-treated acorn pollen 
(acorn pollen deposited in apple vinegar for 30 days). The health functions of acid-treated acorn pollen on post-menopau-
sal metabolism was tested by analyzing in vitro and in vivo biomarkers for glucose metabolism, by using the acid-treated 
acorn pollen and its residues, respectively. In vitro experiments showed high activity after measuring the low potency of 
glucose-related enzymes. In vivo experiments showed reduced blood glucose and insulin levels after consuming pollen. Pol-
len also increased the concentration of glucokinase, a glucose-regulating enzyme in hepatic and nephritic tissue, and low-
ered the concentration of glucose-6-phosphatase. These results are encouraging in showing that acid pollen can be used 
as a functional health food for treatment of post-menopausal metabolism.
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INTRODUCTION

Pollen is a folk remedy known as “stamina, health en-
hancement, enhancement of immunity, menopause, and 
good food for women’s skin”. Pollen is the main ingre-
dient of Royal Jelly and contains protein, essential amino 
acids, and 16 vitamins, etc. (Chung et al., 1984). Pollen 
is a high-degree nutritional food containing 41 different 
nutrients required by humans need a daily basis (Kim et 
al., 1984). In addition, oriental medicine has reported 
that the nutritional value of pollen has a high physiolog-
ical value, since it shows beneficial effects against neuro-
logical disorders, atherosclerosis, and geriatric diseases 
(Fang et al., 2008; Li et al., 2009; Abouda et al., 2011). 
From this point of view, a beekeeper is worth consider-
ing for healthy food materials as a way to increase in-
come other than honey. In fact, honey is used as a dietary 
supplement in USA, as a medicinal product in Germany 
(Kroyer and Hegedus, 2001; Llnskens and Jorde, 2001), 
and as a health supplement in Korea. Pollen is made up 
of hard exine and intine. Therefore, when most animals 
and insects eat pollen, they cannot break it down and 
only absorb some nutrients (Roulston and Cane, 2000; 
Blackmore et al., 2010). Pollen is the substance contain-

ing a large amount of health-functioning compounds 
(Andradea et al., 1997), and its use as a beneficial health 
product should be considered. Therefore, methods for 
grinding, erosion, and decomposition of the surface of 
pollen (Kress et al., 1978; Lee, 1986; Kim and Son, 1990; 
Lee et al., 1997; Choi and Jeong, 2004), and methods to 
leach ingredients inside the pollen (Suk and Kim, 1983; 
Kim et al., 1992) have been used (Kim, 1989). However, 
pollen is still consumed in the form of pollen. Hong et 
al. (2014) confirmed that there is a hole in the surface of 
pollen, and Lee et al. (1997) reported a study in which 
the constituents of pollen were extracted with hexane 
and water through the hole in the surface. This study was 
designed to study the supernatants and precipitations of 
pollen extracts by depositing pollen in apple vinegar. At 
present, women are at increased risk of metabolic syn-
drome after menopause (Hildrum et al., 2007; Ruan et 
al., 2010). In menopausal women, hormonal imbalance 
leads to increased rates of obesity and risk of cardiovas-
cular disease due to increased internal fat and decreased 
functioning of vascular protection functions (Franzosi, 
2006; Broussard and Magnus, 2008). Obesity caused by 
these factors may increase the risk of insulin resistance 
and cause diabetes (Lee et al., 2000). At the same time, 
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functional disorders involving an imbalance of insulin 
and glucagon levels cause serious complications, such as 
loss of carbohydrate, protein, and lipid metabolic control 
(Chung et al., 2016). As a consequence, we considered 
ways to curb the rate of diabetes development resulting 
from obesity caused by menopause.

In this study we explored the change in amino acid con-
tent occurring after deposition of acorn pollen in apple 
vinegar. Then, using pollen extract supernatants and pre-
cipitations, analyzed biomarkers related to glucose me-
tabolism.

MATERIALS AND METHODS

Materials
Acorn pollen was provided and supplied by the beekeep-
ing farming association of incorporation (Yeongju, Ko-
rea) and was stored frozen until analysis. Apple vinegar 
(Sempio, Yeongcheon, Korea) used for extraction was 
purchased by E-mart (Daegu, Korea).

Acorn pollen was added to 5 times apple vinegar and 
leached by stirring at 40oC for 30 days. The separated su-
pernatant was used to determine the amino acid content 
and enzyme inhibitory activity, and the precipitate was 
used for surface analysis using an electron microscope. 
Supernatants and precipitates that had been deposited 
for 30 days were used in animal experiments.

Amino acid component analysis
The pollen supernatant was mixed with apple vinegar, 
then collected and filtered through a 0.45 m syringe 
(Advantec Toyo Kaisha, Ltd., Tokyo, Japan). Amino acid 
component analysis was carried out using an automated 
amino acid analyzer (L-8900, Hitachi, Tokyo, Japan). 
Then, 20 L of samples were injected into an ion exchange 
column. The temperature of the column was set at 50oC 
and the temperature of the reactor was set at 135oC.

Observation of the surface of the acidic-treated acorn 
pollen
A scanning electron microscope (SEM, SU8220, Hitachi) 
was used to observe changes in the sedimentary pollen 
surface over the period of time the pollen was stirred in 
the apple vinegar.

Inhibition assays of diabetic-related enzymes
The inhibitory activity of -amylase was measured using 
the method of Kazeem et al. (2013). The sample extract 
(125 L) was added to -amylase (62.5 L) and 200 mM 
potassium phosphate buffer (pH 6.8, 62.5 L) and incu-
bated at 37oC for 10 min. Then, 1% starch (125 L) was 
added to the mixture and the mixture was incubated for 
another 5 min. To produce a colored solution, 48 mM 

3,5-dinitrosalicylic acid (125 L) was added. The colored 
solution was then incubated at 100oC for 15 min and 
cooled on ice. Finally, distilled water (1.5 mL) was added 
to the solution and the absorbance was measured at 405 
nm.

The inhibitory activity of -glucosidase was measured 
using the method of Hong et al. (2013a). Samples (50 
L) were added to -glucosidase (100 L) and reaction 
incubated in a water bath (37oC, 10 min). Then, 1 mM 
p-nitrophenyl--D-glucopyranoside (in potassuim phos-
phate buffer, pH 6.9) was added. After reacting for 20 
min in the water bath at 37oC, 1 M Na2CO3 (1 mL) was 
added to stop the reaction, and the absorbance was 
measured at 405 nm.

Xanthine oxidase inhibition was measured according 
to the method described in by Stirpe and Della Corte 
(1969). Dissolved 2 mM xanthine (0.2 mL) was added 
samples (100 L) and 0.1 M potassium phosphate buffer 
(pH 7.5, 600 L) and reactions were incubated in a wa-
ter bath (37oC, 5 min). Then, 1 N HCl (1 mL) was added 
stop the reaction, and the absorbance was measured at 
292 nm.

The inhibitory activity of lipase was measured by mod-
ifying the methods of Lee et al. (2010). To create the sub-
strate solution, 10 mM 3-(N-morpholino) propabelsul-
fonic acid, 4-morpholinepropanesulfonic acid, and Tris 
buffer (100 mM Tris-HCl and 5 mM CaCl2, pH 6.8) were 
mixed. The substrate solution (860 L) was added to 100 
L of sample and reactions incubated for 5 min in a water 
bath at 37oC. Then, 10 mM p-nitrophenyl butyrate (40 L) 
was added to mixture and reactions were incubated for 
15 min before the absorbance was measured at 400 nm.

Animals and diet
The animal lab was maintained at 25±2oC and 50% hu-
midity, with regular lighting from 6 am to 6 pm. Experi-
mental animals were 12 weeks old Sprague-Dawley rats. 
Sixteen normal rats and 32 rats that were ovariectomized 
were obtained from Central Lab. Animal Inc. (Seoul, Ko-
rea). Rats were first acclimatized to their new environ-
ment for 1 week. After one week, two experiments were 
carried out confirm the effects of ingestion of deposited 
pollen supernatants and precipitates on glucose metabo-
lism of ovariectomized rats. In the first experiment (Sup- 
O), supernatants were orally administered to ovariecto-
mized rats. In the second experiment (Ppt-F), precipi-
tates were mixed with feed before being administered to 
rats. The sham rats were randomly assigned to the nor-
mal control of each the Sup-O and Ppt-F experiments. 
Ovariectomized rats were randomly assigned by dividing 
into control and experimental group for the Sup-O and 
Ppt-F experiments. Sup-O experiments: (1) SHAM-O, 
sham-operated rats received oral administration of dis-
tilled water (7 mL/kg/d); (2) OVX-OC, ovariectomized 
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Table 1. Components of the experimental diets (unit: g)

Ingredients AIN-93M1) Pollen feed

Casein 140.00 123.89
Sucrose 100.00 100.00
Dextrose 155.00 155.00
Corn starch 465.70 384.88
Cellulose 50.00 50.00
Soybean oil 40.00 36.93
Mineral mix 35.00 35.00
Vitamin mix 10.00 10.00
L-Cystine 1.80 1.80
Choline bitartrate 2.50 2.50
Pollen vinegar 
precipitated2)

100.00

Total 1,000.0 1,000.0
1)Provided to all groups except for OVX-FP of Ppt-F.
2)Provided to OVX-FP of Ppt-F groups.

rats received oral administration of distilled water (7 
mL/kg/d); (3) OVX-OP, ovariectomized rats received oral 
administration of supernatants apple vinegar-treated pol-
len (7 mL/kg/d) (Setorki et al., 2010). Ppt-F experiments: 
(1) SHAM-F, sham-operated rats received AIN93M; (2) 
OVX-FC, ovariectomized rats received AIN93M; (3) OVX- 
FP, ovariectomized rats received AIN93M with 10% pre-
cipitates from apple vinegar-treated pollen (Salles et al., 
2014). Oral administration of Sup-O was provided using 
a feeding needle each morning for 4 weeks, and the AIN- 
93M diet was provided in feed. Ppt-F experiments were 
conducted for 12 weeks. The feed was purchased from 
FeedLab (Guri, Korea), and the components of diet are 
shown in Table 1. During the experiment, the feed and 
drinking water were freely consumed. At the end of the 
experimental period, animals were sacrificed and organ 
tissues and blood were collected, weighed, and stored in 
a freezer at ‒70oC. Blood was collected via the arteries of 
rat using ethylenediaminetetraacetic acid (EDTA), and 
centrifuged at 1,000 g (4oC, 15 min). Finally, the upper 
layer obtained was stored at −70oC for use in experi-
ments.

The study was approved by the Animal Experiment Eth-
ics Committee at Kyungpook National University (KUN 
2016-0117).

Collection of animal cell tissues and microsomal factions 
as enzymatic fractions
Enzymes were isolated from hepatic and nephritic tis-
sues. Buffer (pH 7.4, 5 mL) containing 0.1 mM trietha-
nolamine, 20 mM EDTA, and 2 mM dithiothreitol was 
mixed with cell tissues (0.3 g). After homogenizing, mix-
tures were centrifuged at 1,000 g (4oC, 15 min). After the 
upper layers (3.5 mL) were removed, the mixtures were 
further centrifuged at 10,000 g (4oC, 20 min). Buffer sol-
ution (3 mL) was then added to the precipitated residues, 

then the mixtures were centrifuged at 10,000 g (4oC, 20 
min) to obtain mitochondrial fractions. The upper layer 
(cytosol fraction) was then separated by ultra-centrifuga-
tion at 105,000 g (4oC, 1 h). Buffer solution (3 mL) was 
then added to residual fractions and the supernatants 
were removed by ultra-centrifugation at 105,000 g (4oC, 1 
h). Residues of microsomal fractions were used in experi-
ments.

Blood glucose and insulin density measurements
The change in blood glucose concentration from pre-in-
take to post-intake of pollen was determined according 
to the experimental diets. Blood glucose was measured 
using a glucose meter (Accu-Chek, Roche Diagnostics, 
Basel, Switzerland) in blood from the rats’ tail veins after 
a 12-h feed. Plasma insulin concentrations were meas-
ured using the rat insulin enzyme-linked immunosorbent 
assay kit (Mybiosource, San Diego, CA, USA).

Biomarker measurement of glucose metabolism in cellular 
tissue
The activity of glucose-6-phosphatase (G6pase) was 
measured by the method described by Alegre et al. (1988) 
with modifications. A buffer solution was formed through 
mixing 100 mM EDTA and 26.5 mM glucose-6-phosphate. 
Next 0.2 M nicotinamide adenine dinucleotide phosphate 
(965 L), mutarotase (aldose-1-epimerase) and glucose 
dehydrogenase (10 L) were added and the mixture was 
incubated for 4 min in a water bath at 37oC. The change 
in absorbance was measured at 340 nm. Activation of 
G6pase was expressed in nmol nicotinamide adenine di-
nucleotide phosphate hydrogen oxidized/min mg protein.

Glucokinase (GK) activity was measured by following 
the method by Davidson and Arion (1987) with modifi-
cations. A buffer solution was formed through mixing 
50 mM Hepes (pH 7.4), 100 mM KCl, 2.5 mM dithioery-
thritol, 7.5 mM MgCl2, and 10 mM glucose. Then 4 units 
glucose-6-phosphate dehydrogenase (10 L), 500 mM 
adenosine triphosphate (10 L), and a cytosol fraction 
(10 L) were added to the buffer solution (910 L) and 
reactions were incubated in a water bath at 37oC. The 
change in absorbance was measured at 340 nm. GK ac-
tivity was expressed in nmol of nicotinamide adenine di-
nucleotide hydrogen (NADH) generated per minute per 
mg of cytosolic protein (nmol NADH oxidized/min/mg 
protein).

Statistical analysis
All data are presented as mean±standard error of the 
mean. Data were evaluated by one-way ANOVA using 
Statistical Package for Social Sciences software program 
version 22 (SPSS Inc., Chicago, IL, USA) and the differ-
ences between means were assessed by Tukey’s test. 
Statistical significance was considered at P<0.05.
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Table 3. Inhibitory activity of acidic-treated acorn pollen on diabetic-related enzymes associated (unit: nmol/min/mL)

Enzymes Apple vinegar
Acorn pollen deposited with apple vinegar

for 3 day for 30 days

-Amylase 87.96±1.10a 167.94±6.28b 2,397.41±23.89c

-Glucosidase 1.03±0.06a 1.64±0.04b 3.64±0.03c

Xanthine oxidase 27.49±0.26a 77.31±1.58b 2,283.53±14.61c

Lipase 5.25±0.05a 8.08±0.02b 9.01±0.06c

Mean±standard error of the mean (n=3).
Means of the same row without corresponding letters (a-c) are significantly different by Tukey’s test (P<0.05).

Table 2. Types and variations in the content of amino acids re-
leased from pollen holes by acidic-treated precipitates 

(unit: g/mL)

Control 30 days

Amino acids
  Histidine 36.65 80.64
  Isoleucine 102.54 216.15
  Leucine 275.56 540.35
  Lysine 34.93 43.71
  Phenylalanine 189.61 398.31
  Threonine 113.47 211.55
  Valine 103.89 288.60
  Methionine 106.39 175.76
  Alanine 207.60 331.09
  Arginine 1.32 1.62
  Aspartic acid 169.33 454.94
  Cystine 72.64 73.95
  Glutamic acid 473.72 722.43
  Glycine 58.77 118.40
  Proline 163.56 259.46
  Serine 199.65 267.86
  Tyrosine 107.06 407.73
Nnitrogen compounds in the 
form of functional amino acids
  Taurine ND 12.24
  -Aminobutyric acid 126.15 158.96
  -Amino isobutyric acid 110.54 112.49
  -Amino-n-butyric acid 19.93 33.60
  -Alanine 54.12 69.38
  -Amino adipic acid 51.67 168.70
  Anserine 4.28 11.99
  Carnosine 25.68 83.58
  Citrulline ND 38.59
  Cystathionine ND 31.93
  Ethanol amine 109.81 117.93
  1-Methylhistidine 297.98 459.32
  3-Methylhistidine 67.31 196.21
  Phosphoserine 35.71 46.63
  Sarcosine 95.23 161.37
  Total 3,415.10 6,295.47

ND, not detected.

RESULTS AND DISCUSSION

Physico-chemical properties of acidic-treated acorn pollen
The physiological characteristics of acid-treated acorn 
pollen were analyzed by the distribution of amino acid 
amongst the components extracted through pollen holes. 

SEM was used to observe changes to the surface of the 
pollen grains by acid treatment. The amino acids in the 
materials believed to have been released through the pol-
len holes during the 30-day process are presented in Ta-
ble 2. These data were calculated by subtracting the ami-
no acids contained in the apple vinegar from the total 
amino acid content. Seventeen of the 20 amino acids 
needed for human health were extracted from the pollen, 
including seven of the eight essential amino acids neces-
sary for human growth and maintenance of health. In ad-
dition, up to 15 of so-called ‘functional’ amino acids con-
taining nitrogen were found. The most abundant amino 
acid was glutamic acid, a high about of which has previ-
ous been reported in pollen (Lee et al., 1997; Hong et al., 
2013a). In this study, glutamic acid was the most abun-
dant amino acid regardless of the acid treatment. As 
shown in Table 2, nitrogen compounds in the form of 
functional amino acids were also extracted from pollen. 
SEM scans of the precipitates were carried out to assess 
the degree of surface damage following acid treatment. 
Although surface corrosion and cracking of the pollen 
were expected following prolonged treatment with apple 
vinegar, there were no surface corrosion or cracks ob-
served. Since nutrients were extracted from the pollen, it 
can be concluded that they eluted through tiny holes on 
the surface of the acorn pollen (Hong et al., 2013b).

Analysis of the inhibitory effect of acidic-treated acorn 
pollen on diabetes-related enzymes
The inhibitory activity of acid-treated acorn pollen on di-
abetes related hydrolase, -glucosidase, xanthine oxidase, 
and lipase is shown in Table 3. The control group (apple 
vinegar) also showed inhibitory effects on the activity of 
these diabetes-related enzymes. Prolonged treatment 
acorn pollen with acid significantly increased the inhibi-
tory activity. Compared with day 1, inhibition of xanthine 
oxidase was doubled after three days and increased by 
80-fold after 30 days, and inhibition of -amylase was 
doubled after three days and increased 40 fold after 30 
days. However, there was little difference in the enzymat-
ic activity of -glucosidase and lipase after 30 days. Ac-
cording to Bhandari et al. (2008), medicinal plants with 
anti-diabetic properties have inhibitory actions, such as 
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Table 4. Body weight gain, dietary intake, liver and kidney weight and fat contents of ovariectomized rats fed with the acid-treated 
acorn pollen

Weight gain (g/d) Feed intake (g/d) Liver (g) Kidney (g) Fat content (g)

Sup-O SHAM-O 1.43±0.01a 22.43±0.33a 10.91±0.59ns 1.94±0.14ns 20.02±0.20a

OVX-OC 2.26±0.03c 27.50±0.22c 10.24±0.52 2.15±0.06 25.63±1.10b

OVX-OS 1.85±0.01b 23.86±0.07b 8.73±0.37 1.94±0.04 21.71±0.50a

Ppt-F SHAM-F 1.35±0.03e 22.09±0.10e 9.47±0.32ef 2.13±0.07ns 24.10±0.30e

OVX-FC 2.72±0.01g 30.05±0.36g 10.84±0.51f 1.98±0.06 28.75±0.60f

OVX-FP 1.64±0.02f 25.42±0.10f 8.28±0.33e 2.02±0.06 28.70±0.45f

Values are mean±standard error of the mean (n=8).
Different letters indicate a significant difference (P<0.05) in the same column in Sup-O (a-c) and Ppt-F (e-g).
nsNot significant.
Sup-O, oral administration of supernatants of acid-treated acorn pollen; Ppt-F, feed by a mixture of precipitates of acid-treated 
acorn pollen; SHAM-O, sham treated rats receiving oral administration of distilled water (7 mL/kg/d); OVX-OC, ovariectomized 
rats receiving oral administration of distilled water (7 mL/kg/d); OVX-OS, ovariectomized rats receiving oral administration of super-
natant from pollen treated with apple vinegar (7 mL/kg/d); SHAM-F, sham operated rats receiving AIN93M; OVX-FC: ovariectomized 
rats receiving AIN93M; OVX-FP, ovariectomized rats receiving AIN93M with 10% precipitate from pollen treated with apple vinegar.

-amylase and -glucosidase, therefore pollen may have 
effect blood glucose degradation through the inhibiting 
these enzymes.

Changes in weight gain, dietary intake, liver and kidney 
weight, and fat content of kidney ambient and abdominal 
white fat
Rats that were ovariectomized to induce menopause 
gained weight during the experiment. The weights of the 
liver and kidneys and the total fat content were meas-
ured separately. The total fat content was determined 
using white fat removed from around the kidney and the 
abdomen. The increase in weight gain and food intake 
was higher in rats receiving acid-treated supernatants 
(Sup-O) and precipitants (Ppt-F) compared with those in 
the SHAM-O and SHAM-F groups (Table 4). These re-
sults are consistent with results reported by Kim et al. 
(2006), which showed that appetite and fat content in-
creases after menopause, which may lead to obesity.

Rats receiving both the supernatant (OVX-OS) or pre-
cipitant (OVX-FP) in addition to acid-treated pollen 
showed significant decreases in weight and food intake. 
However, there was no significant difference in weight 
of the liver or kidneys between rats in the SHAM group, 
ovariectomized control groups (OVX-OC and OVX-FC) 
and the experimental groups (OVX-OS and OVX-FP). 
However, the decreases in total fat content (including sig-
nificant decreases in kidney ambient and abdominal white 
fat) following administration with acid-treated superna-
tants (OVX-OS) are encouraging.

Effects on blood glucose levels
The change in blood glucose level following treatment of 
ovariectomized rats with acid-treated Sup-O or Ppt-F are 
shown in Fig. 1. Blood glucose levels of rats in the OVX- 
OC group was increased by menopause. However, in 
treatment with Sup-O, decreased blood glucose levels. 
These same results were obtained following Ppt-F. Simi-

larly, Lee et al. (1994) reported that ingestion of pine 
pollen reduces blood glucose in rats receiving a high fat 
diet. These results suggest that acid-treated pollen may 
be used as a functional food for blood glucose control.

Analysis of biomarkers for glycolysis
Blood insulin concentration is a biomarker for glycemic 
metabolism. Insulin is released from pancreatic -cells 
maintain blood glucose levels at a constant level. As lev-
els of blood glucose increase, insulin is released from the 
pancreas and is taken up by cells, where it is converted 
into fatty acids or induces glucose oxidation. Menopause 
increases blood insulin levels, which usually increases 
appetite and fat accumulation, thus increasing the risk of 
insulin-resistant diabetes (Dubuc, 1985; Kahn and Flier, 
2000). As shown in Table 5, the ovariectomized rats 
(OVX-OC and OVX-FC) may have significantly higher 
blood insulin concentrations than rats in the SHAM-O 
and SHAM-F groups.

We measured the activity of G6pase and GK from tis-
sue of liver and kidney as biomarkers of glycemic metab-
olism. G6pase is an enzyme involved in gluconeogenesis, 
whereby it promotes production of glucose and to in-
crease blood glucose levels (Lee et al., 2012). GK, anoth-
er biomarker for glycemic metabolism, is an enzyme in-
volved in the first stage of glycolysis which promotes con-
version of glucose into glycogen. Glycogen can be biologi-
cally stored, thus reducing the risk of diabetes (Iynedjian 
et al., 1988; Postic et al., 1999; She et al., 2000; van 
Schaftingen and Gerin, 2002). We therefore used G6pase 
and GK as biomarkers to test the effect of acid-treated 
pollen on glycemic metabolism in post-menopausal.

Oral administration of Sup-O significantly increased the 
activity of G6pase, in the liver and kidneys of postmeno-
pausal ovariectomized rats (OVX-OC), resulting in an in-
crease in blood glucose. However, the activity of G6pase 
was decreased in both liver and kidney tissues supple-
mentation with OVX-OS. Similar results were obtained 
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Fig. 1. Blood glucose analysis of ovariectomized rats fed with the acidic-treated acorn pollen. Values are mean±standard error 
of the mean (n=8). Different letters indicate a significant difference (P<0.05) same time in Sup-O (a-c) and Ppt-F (e-g). Sup-O, 
oral administration of supernatant of the acidic-treated acorn pollen; Ppt-F, feed by mixture of precipitate of the acidic-treated 
acorn pollen; SHAM-O, sham-operated rats receiving oral administration of distilled water (7 mL/kg/d); OVX-OC, ovariectomized 
rats receiving oral administration of distilled water (7 mL/kg/d); OVX-OS, ovariectomized rats receiving oral administration of super-
natant from pollen on the apple vinegar (7 mL/kg/d); SHAM-F, sham-operated rats feeding AIN93M; OVX-FC, ovariectomized rats 
feeding AIN93M; OVX-FP, ovariectomized rats feeding AIN93M with 10% precipitate from pollen on the apple vinegar.

Table 5. Insulin and glucose regulating enzyme activity of ovariectomized rats fed acid-treated acorn pollen

Plasma
(ng/mL)

Hepatic tissue
(nmol/min/mg protein)

Nephritic tissue
(nmol/min/mg protein)

Insulin G6pase GK G6pase GK

Sup-O SHAM-O 1.08±0.04a 12.80±0.34a 6.61±0.20c 28.07±2.27a 8.05±0.54b

OVX-OC 1.38±0.03c 54.91±1.32c 0.90±0.01a 51.42±2.53c 2.89±0.65a

OVX-OS 1.20±0.04b 47.86±1.90b 1.65±0.15b 39.12±2.51b 5.80±0.74b

Ppt-F SHAM-F 1.03±0.04e 21.25±0.56e 6.59±0.57g 31.66±1.69e 5.51±0.42f

OVX-FC 1.31±0.03g 50.86±2.14g 1.62±0.23e 51.76±2.37g 2.77±0.27e

OVX-FP 1.10±0.05f 36.27±1.72f 2.57±0.05f 42.58±2.63f 3.86±0.28e

Values are mean±standard error of the mean (n=8).
Different letters indicate a significant difference (P<0.05) in the same column in Sup-O (a-c) and Ppt-F (e-g).
Sup-O, oral administration of supernatant of acid-treated acorn pollen; Ppt-F, feed by mixture of precipitates of acid-treated acorn 
pollen; SHAM-O, sham treated rats receiving oral administration of distilled water (7 mL/kg/d); OVX-OC, ovariectomized rats receiv-
ing oral administration of distilled water (7 mL/kg/d); OVX-OS, ovariectomized rats receiving oral administration of supernatant 
from pollen treated with apple vinegar (7 mL/kg/d); SHAM-F, sham treated rats feeding AIN93M; OVX-FC: ovariectomized rats 
receiving AIN93M; OVX-FP, ovariectomized rats receiving AIN93M with 10% precipitates of pollen treated with apple vinegar; GK, 
glucokinase; G6pase, glucose-6-phosphatase.

by supplementation with Ppt-F. In postmenopausal OVX- 
FC, G6pase was significantly increased in both liver and 
kidney tissues. However, the activity of G6pase in hepa-
tic and nephritic tissues was decreased by supplementa-
tion with OVX-FP. The activity of GK, which is involved 
in promoting blood storage of glycogen and is therefore 
one factor that can control the risk of diabetes, was sig-
nificantly decreased in postmenopausal OVX-OC and 
OVX-FC. Although the extent of the increases differed, 
the activity of GK both in liver and kidney tissues was in-
creased by the supplementation with OVX-OS and OVX- 
FP. Pari and Amarnath Satheesh (2004) showed that 
G6pase inhibitors lower blood glucose levels in experi-
mental animal models of diabetes. Further, Kim et al. 
(2004) reported that in diabetes GK activity is reduced 
and glucose synthesized in the liver is released into the 
blood, which disrupts physiological control of blood glu-

cose levels. Therefore, the results of our present study 
suggest that pollen helps recover the activities of enzymes 
involves in regulating blood glucose levels, which are de-
creased by menopause and obesity.

In conclusion, we carried out a series of studies to re-
view acid-treated pollen obtained by deposition of acorn 
pollens in apple vinegar as a functional food. As com-
mercial apple vinegar was used for acid treatment, con-
suming this by proper dilution is possible. We treated 
pollen with acid for 30 days since preliminary results 
showed that after 30 days there are no increases in extrac-
tion of functional component that may improve health. 
After 30 days of processing, the apple vinegar had a pH 
2.56, which did not induce changes to or crack to the 
surface of the pollen. It may be inferred that substances 
inside the pollen are extracted through the holes in the 
surface, such as seven of the eight essential amino acids 
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necessary for growth and maintenance of human health. 
In addition, there up to 15 types of ‘functional’ amino 
acids which contain nitrogen compounds. Acid-treated 
pollen solutions containing high-quality nitrogen com-
pounds are believed to be effective for controlling obe-
sity, such as through inhibiting the activity of carbohy-
drates and fat digestive enzymes. Thus, the effect on car-
bohydrate and fat hydrolysis can be expected to induce 
anti-obesity effects and improve glucose metabolism af-
ter menopause. We also investigated this hypothesis 
through analyzing biomarkers associated with glycolysis 
and obesity control in menopausal ovariectomized rats. 
Treatment with acid treatment pollen significantly de-
creased the activity of the G6pase, an enzyme involved in 
gluconeogenesis, which is activated after menopause to 
increase serum glucose levels, often leading to obesity. 
Furthermore, GK, an enzyme that involved in the first 
stage of glycolysis, often shows decreased activity follow-
ing menopause, which decreases blood glucose levels. 
We showed that acid-treated pollen was effective in re-
storing GK activity. These results that acid-treated pol-
len may be used as a functional health food material for 
post-menopausal metabolism.
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