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Abstract

[ Objectives ] To explore the effect of storage time on pH and 5-hydroxymethylfurfural content in Jiulongteng honey. [ Methods ]

The pH of Jiulongteng honey was determined by neutralization titration with sodium hydroxide standard solution. The content of 5-hydroxymeth-
ylfurfural in Jiulongteng honey was determined by HPLC. Chromatographic conditions: ZORBAX SB-C ; column (250 mm x4.6 mm, 5 pum)
from Agilent Co. , Ltd. , acetonitrile-0. 1% formic acid solution (5 : 95) as mobile phase, flow rate of 0.8 mL/min, 5-hydroxymethylfurfural

detection wavelength of 284 nm, guanosine detection wavelength of 254 nm. [ Results] The pH of 12 batches of Jiulongteng honey was 3.70 —
3.84 in the new honey stage, 3.92 —4.05 in the old honey stage 1, and 4.25 —4.53 in the old honey stage 2; 5-hydroxymethylfurfural was not
detected in the new honey stage, 5-hydroxymethylfurfural was detected in FM-001 in the old honey stage 1, and 5-hydroxymethylfurfural was
detected in most samples in the old honey stage 2. [ Conclusions] The pH and 5-hydroxymethylfurfural content of 12 batches of Jiulongteng

honey met the requirements within 3 years of storage. There was no 5-hydroxymethylfurfural in Jiulongteng honey, but with the extension of

storage time, the detection amount of 5-hydroxymethylfurfural increased significantly even if Jiulongteng honey was stored at low temperature.

Therefore, 5-hydroxymethylfurfural can be used as an important indicator of honey freshness.
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1 Introduction
Honey is a mature natural sweet substance'' | brewed by honeybe-
es after collecting nectar, honeydew secreted by insects from bee-
derived plants””' | and then fully mixing with their own salivary
gland secretions in the hive through a variety of transformations
and interactions. Honey is rich in essential nutrients for human
body, and has great therapeutic value and medicinal function. Ac-
cording to records of Herbal Classic of Shennong, honey can calm
the five internal organs, eliminate all diseases, harmonize all
medicines, benefit qi and tonify the middle, relieve pain and de-
toxify, and it can strengthen the mind and lighten the body without
hunger and aging” ™*’. Bauhinia championii (Benth. ) Benth. be-
longs to the family Legumes. The roots (Jiulonggen) , leaves ( Jiu-
longteng) , and seeds ( Guojianglongzi) of this plant are also used
for medicinal purposes. It mainly grows on the edge of ditches,
valleys, riversides, under sparse forests or in shrubs, and distrib-
uted in Guangdong, Guangxi, Fujian, and other places in China.
Jiulongteng honey has the effect of clearing away heat and toxic
materials, and has good curative effect on pharyngolaryngitis,
cough due to lung heat and constipation, and the excellent quality
of Jiulongteng honey in Yangshuo was approved as a national geo-
graphic indication (GI) agricultural product in January 2017 ~°'.
Studies have shown that 5-hydroxymethylfurfural has antioxi-
dant, anti-tumor, anti-tissue ischemia and other pharmacological
effects, as well as nephrotoxicity and potential genotoxicity'’', and
sensitization'® . For the purpose of medication safety, the Chinese
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Pharmacopoeia stipulates that the limit of 5-hydroxymethylfurfural
in honey should not exceed 0.004% . 5-Hydroxymethylfurfural
is an aldehyde compound with furan ring structure produced by de-
hydration of monosaccharide compounds such as glucose and fruc-
tose under high temperature or weak acid conditions, and is a

classical product of Maillard reaction®’. Therefore, we studied
the limit test and pH determination of 5-hydroxymethylfurfural in

Jiulongteng honey.

2 Materials and methods
2.1 Materials

2.1.1
collected from Guilin, Hezhou, Chongzuo, Liuzhou, Laibin and

Materials and reagents. Jiulongteng honey samples were

other places in Guangxi, and were identified by Lu Hailin, senior
experimenter of Guangxi University of Chinese Medicine; there
were 12 batches of materials in total, and they were collected from
October to December 2021. The sample information was given in Ta-
ble 1. Standard substance; 5-hydroxymethylfurfural ( Chengdu Na-
keli Biotechnology Co. , Lid., batch No. :nk1211201009, purity:
99.01% ) , guanosine ( Chengdu Nakeli Biotechnology Co. , Ltd. ,
batch No. :nk1211201008, purity; 99.34% ) ; sodium hydroxide,
potassium hydrogen phthalate ( analytically pure, Sinopharm
Chemical Reagent Co., Lid.); acetonitrile, methanol, formic
acid ( chromatography pure, Sinopharm Chemical Reagent
Co. , Ltd. ), other reagents were analytical pure, and water was
ultrapure water. Jiulongteng honey samples were collected and
stored in a refrigerator (5 -7 °C) for later use, and 12 batches of
samples were defined as follows: new honey stage 1 for storage less
than 1 year, old honey stage 1 for storage longer than 1 year but
less than 2 years, and old honey stage 2 for storage longer than
2 years.

2.1.2
matograph (equipped with ultraviolet detector) ; Agilent ZORBAX

Instruments. Agilent 1260 high performance liquid chro-

SB-C,; chromatographic column (250 mm x 4.6 mm, 5 pm);
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Ohaus Instrument (Changzhou) Co. , Ltd. EX225DZH electronic

analytical balance.

Table 1 Sample information of Jiulongteng honey

Sample . Source of Coﬂ'ection
No. Collection place bee species time
('Year — Month)
FM-001 Yangshuo County, Guilin City Italian bees 2021 -10
FM-002 Pingle County, Guilin City Italian bees 2021 -11
FM-003 Gongcheng County, Guilin City Ttalian bees 2021 -11
FM-004 Quanzhou County, Guilin City Italian bees 2021 -11
FM-005 Lingchuan County, Guilin City Italian bees 2021 -11
FM-006 Xing’an County, Guilin City Italian bees 2021 -11
FM-007 Guanyang County, Guilin City Ttalian bees 2021 -11
FM-008 Lingui District, Guilin City Ttalian bees 2021 - 11
FM-009 Fuchuan Yao Autonomous County, Italian bees 2021 -11
Hezhou City

FM-010 Fusui County, Chongzuo City Italian bees 2021 -11
FM-011 Liujiang County, Liuzhou City Italian bees 2021 - 11
FM-012 Lingui District, Guilin City Chinese bees 2021 -11

2.2 Methods
2.2.1 Determination of pH. With reference to the method of Ma

[32]

Chang et al. "', the pH of honey was determined by neutraliza-

tion titration with NaOH standard solution.

(1) Preparation of NaOH solution. Weighed 4 g of NaOH
sample, added water to dissolve it, transferred it to a 250 mL vol-
umetric flask, added water to dilute it to the scale mark, and
shook it up for later use. Weighed 1 g of potassium hydrogen
phthalate sample dried to constant weight, put it into a 250 mL
conical flask, and added 50 mL of distilled water to dissolve it for
later use.

(ii) Standardization of NaOH solution. Added 2 —3 drops of
phenolphthalein indicator into the prepared potassium hydrogen
phthalate standard solution, titrated with 0. 1 mol/L NaOH solu-
tion until the solution turned light pink and did not fade for 30
sec, stopped titration, and recorded the reading Vi qy.

According to the formula N = G . um hydrogen phihatare” Viaon X
0.204 2, calculated the concentration of NaOH solution to be 0.4
mol/L.

(iii) Determination of samples. Took about 10 g of honey
sample, weighed it accurately, put it into a 250 mL conical flask,
added 50 mL of distilled water to dissolve it, added 2 —3 drops of
phenolphthalein indicator, titrated it with NaOH standard solution
until it turned light pink and did not fade in 30 sec, stopped titra-
tion, recorded the reading, and recorded the volume of NaOH
consumed. Neutralized and titrated with NaOH standard solution,
and the reaction was:

NaOH + R - COOH =R - COONa + H,0

Sample pH calculation formula:

pH=VN/m
where V denotes the volume of NaOH consumed, N represents the
concentration of the NaOH solution, and m is the mass of the
sample.

2.2.2 Limit test of 5-hydroxymethylfurfural. (i) Preparation of
reference substance solution. Took a proper amount of guanosine
reference substance, weighed 0.014 g accurately, put it into a 50

mL volumetric flask, added 10% methanol to the scale, and pre-
pared a solution containing 0.2 mg of guanosine per mL for later
use. Took a proper amount of 5-hydroxymethylfurfural reference
substance, weighed 0.097 2 g accurately, added 10% methanol to
prepare a solution containing 4 pg/mL for positioning.

(ii) Preparation of the test solution. Took 1 g of Jiulongteng
honey, weighed it accurately, put it into a beaker, added 10%
methanol to dissolve it, transferred it to a 50 mL volumetric flask,
added 1 mL of guanosine reference solution accurately, added
10% methanol to the scale, and shook it up, to obtain the test
solution.

(iii) Preparation of blank solution. Added a proper amount
of 10% methanol into a 50 mL volumetric flask, precisely added
1 mL of guanosine reference solution, added 10% methanol to the
scale, and shook up to obtain the blank solution.

(iv) Determination method. Accurately pipetted 10 L of
the test solution, guanosine reference solution and 5-hydroxymeth-
ylfurfural reference solution separately, and injected them into the
liquid chromatograph for determination to determine the chromato-
graphic peaks of 5-hydroxymethylfurfural and guanosine in the
chromatogram of the test solution; the content was calculated with
the guanosine reference substance and corrected by multiplying by
a correction factor of 0. 340.

(v) Chromatographic conditions and system suitability test.
Acetonitrile-0. 1% formic acid solution (5 : 95) was used as the
mobile phase at a flow rate of 1 ml./min, and the detection wave-
length of 5-hydroxymethylfurfural was 284 nm, and the detection
wavelength of guanosine was 254 nm.

3 Results and analysis

3.1 Results of pH determination The pH determination re-
sults of 12 batches of Jiulongteng honey samples at different stor-
age times are shown in Table 2. The pH of new honey stage was
3.70 -3.84, the pH of old honey stage 1 was 3.92 —4.05, and
the pH of old honey stage 2 was 4.25 —4.53.

Table 2 pH of 12 batches of Jiulongteng honey samples at different stor-

age times
;z;r.nple New honey stage Old honey stage 1 Old honey stage 2
FM-001 3.70 £0.05 3.92£0.04 4.25+0.06
FM-002 3.74 £0.09 3.98 £0.06 4.35+0.08
FM-003 3.76 £0.05 3.79 £0.07 4.40 £0.10
FM-004 3.75+0.07 3.88 £0.06 3.99 +£0.05
FM-005 3.80+0.03 4.01 £0.04 4.29£0.27
FM-006 3.84 +£0.05 4.01 £0.06 4.28 £0.04
FM-007 3.79 +0.08 3.99 +0.12 4.19 +0.06
FM-008 3.79 +0.08 3.98 £0.07 4.32 £0.05
FM-009 3.82+0.08 4.00 £0.07 4.45£0.04
FM-010 3.78 +0.08 3.97 £0.06 4.09 £0.08
FM-011 3.81+0.05 4.05+0.08 4.48 £0.07
FM-012 3.80 +0.05 3.90 0. 10 4.42 £0.08

3.2 Chromatographic conditions and system suitability test
results  Chromatographic conditions and system suitability test
results are shown in Fig. 1. T'=10.8 min for 5-hydroxymethylfur-
fural and 7=5.4 min for guanosine.
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NOTE A. Blank solution; B. Guanosine reference solution; C. Reference solution; D. Jiulongteng honey sample solution.

Fig.1 HPLC chromatogram

3.3 Results of 5-hydroxymethylfurfural limit test
titative determination results of 5-hydroxymethylfurfural of 12 bat-

The quan-

ches of Jiulongteng honey with different storage time are shown in
Table 3. The 5-hydroxymethylfurfural was not detected in the new
honey stage, 5-hydroxymethylfurfural was detected in FM-001 in
the old honey stage 1, and 5-hydroxymethylfurfural was detected in
most samples in the old honey stage 2.

Table 3  Determination results of 5-hydroxymethylfurfural content in
Jiulongteng honey with different storage times %
Standard in
Sample hNew Old honey Old honey Chinese
No. oney stage 1 stage 2 Pharmacopoeia
slage (<0.004)
FM-001 - 0.000 1 +0.000 0 0.000 2 +0.000 3 Qualified
FM-002 - - 0.000 5 +£0.000 5 Qualified
FM-003 - - 0.001 0 +£0.000 0 Qualified
FM-004 - - 0.000 4 +0.000 2 Qualified
FM-005 - - 0.002 0 +£0.000 0 Qualified
FM-006 - - - Qualified
FM-007 - - 0.001 0 +0.000 5 Qualified
FM-008 - - 0.000 6 +0.000 2 Qualified
FM-009 - - 0.001 0 +£0.000 O Qualified
FM-010 - - 0.000 1 +£0.000 0 Qualified
FM-011 - - 0.002 0 £0.001 7 Qualified
FM-012 - - 0.001 0 +0.000 0 Qualified
NOTE " -" denotes not detected.

4 Discussion and conclusions

(1) The acidity of honey. The pH of honey can prove the adultera-
tion and freshness of honey, so it is one of the important indicators
to measure the quality of honey. The lower the acidity of honey, the
better the quality and taste'"
sults of acidity color test of Jiulongteng honey, we further determined
the pH of Jiulongteng honey. According to the EU standard for hon-
ey, the pH of honey should be between 3.40 and 6.10""'. The re-

!, Therefore, after knowing the re-

sults showed that the pH of 12 batches of Jiulongteng honey samples
met the European Union standard in different storage time.

(ii) 5-hydroxymethylfurfural. In the test, the content of
5-hydroxymethylfurfural in Jiulongteng honey was not detected in
the new honey stage, and the content of 5-hydroxymethylfurfural in
the old honey stage 1 and the old honey stage 2 did not exceed the
limit standard requirement of 0. 004% in Chinese Pharmacopoeia.
The results showed that the 5-hydroxymethylfurfural limit of Jiu-
longteng honey was in line with the regulations within 3 years of
storage. In addition, 5-hydroxymethylfurfural was not detected in
12 batches of new Jiulongteng honey, and 5-hydroxymethylfurfural
was detected in only one batch of 12 batches of old Jiulongteng
honey stored for the second year; 5-hydroxymethylfurfural was not
detected in only one batch of 12 batches of Jiulongteng honey in
the third year of storage, and 5-hydroxymethylfurfural was detected
in other batches.

The results showed that the pH of Jiulongteng honey was
acidic. It can be seen that 5-hydroxymethylfurfural is a decomposi-
tion product formed by monosaccharides under acidic conditions,
and generally there is no 5-hydroxymethylfurfural in new honey,
but with the extension of storage time, even if Jiulongteng honey is
stored at low temperature, the detection amount of 5-hydroxymeth-
ylfurfural was significantly increased. Therefore, 5-hydroxymethyl-

furfural can be used as
[14-15]

an important indicator of honey

freshness
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weight of the indicator. It has the characteristics of strong practica-
bility and adaptability, and is objective and scientific'>. In re-
cent years, it has been widely used in the weight calculation of the
comprehensive evaluation of multi-indicator components of tradi-

[13-16]

tional Chinese medicines . In this study, the extraction rate

of epicatechin and the comprehensive score obtained by the stand-
ard weight of dry extract rate were determined by entropy weight
method, and the amount of extraction solvent, extraction time and
extraction times were investigated by orthogonal experimental de-
sign. The extraction process of Fagopyri Dibotryis Rhizoma was op-
timized. The optimized process is stable and reliable, and is ex-
pected to provide a reference for the further development and utili-
zation of Fagopyri Dibotryis Rhizoma.
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