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Abstract

Honey is regarded as the first and most primitive source of sweet food used by
human beings. Apart from carbohydrates, honey also contains proteins,
enzymes, polyphenols, minerals, amino acids, trace elements, vitamins, and fra-
grance compounds. Honey has been shown to have antimicrobial, antiviral, anti-
oxidant, antimutagenic, antitumor, antiparasitic and anti-inflammatory
properties that could favor and benefit the human health. Chinese honey con-
sists of more than 180 components, most of which are altered during maturation
process. Chinese honey consists of 81% sugars, water 17%, and 2% of volatile,
nonvolatile compounds, enzymes, phenolic compounds, and flavonoids which
determine its medicinal properties. The production, consumption, import, and
export of honey vary among different countries. China serves as a main source
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of honey production all over the world. The production of Chinese honey
accounts for over 20% of the overall honey production worldwide. Various
Chinese scriptures including that of Shen Nong’s Herbal Classic and
Compendium of Materia Medica have documented the medicinal properties
of honey.
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16.1 Introduction

Honey “a natural sweetener substance processed from the nectar of plants or from
secretions of living parts of plants or excretions of plant sucking insects on the liv-
ing parts of plants by honey bees, which they collect and process by combining
them with their own substances to dehydrate and deposit in the honey comb to ripen
and mature” (FAO 1987). Honey is fundamentally a supersaturated solution of sug-
ars in water. This is a sticky liquid and naturally sweet substance created by bees
that is made when certain particular honey bees gather and deposit nectar and sugar
from plants into the honeycomb. The honey is subjected to maturing process which
involves the transformation of nectar into honey by honey bees (Apis mellifera L.),
elimination of water and addition of a few enzymes. Depending upon the source
from where nectar is obtained, honey may be unifloral or multifloral, unifloral honey
is originated from single flower which is regarded as more valuable due to their
good quality and pure flavor in China while as multi-floral honey is obtained from
various types of flower species. Hence, market prices in china or in any country are
determined by its botanical origin, and the increased value of some modifies the
major proportion of sugars in the nectar (Ball 2007). About 3 days of time is required
to convert honey from nectar (Ball 2007). Bees fills the honey comb —cells until the
cells are full of honey and subsequently cap the filled cells by newly produced bee
wax which may take a week or more depending on the period of flowering, environ-
ment, size of bee colony, and other factors.

16.2 The Health Benefits of Consuming Honey

Honey is regarded as the first and most primitive source of sweet food used by
human being (Ghorbani and Khajehroshanaee 2009). Apart from carbohydrates,
honey also contains proteins, enzymes, polyphenols, minerals, amino acids, trace
elements, vitamins, and fragrance compounds. Honey has been shown to have anti-
microbial, antiviral, antioxidant, antimutagenic, antitumor, antiparasitic, and anti-
inflammatory properties that could favor and benefit the human health. Consuming
natural honey in general imparts diverse and numerous health benefits to human
body. Above all, honey is a great source of energy. Its dry matters are largely
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constituted by carbohydrates, mainly fructose and glucose. And there are in total 25
saccharides (Bogdanov et al. 2008). As an important source of energy, honey played
a significant role in Homo sapiens’ diet since their beginning. Some anthropologists
claimed that it could furnish essential energy to boost human brain and allow it to
out-compete other species (Crittenden 2011).

According to nutritionists, higher doses intake of honey will have a range of
beneficial nutritional and health effects (Bogdanov et al. 2008), such as, the jujube
one of the Chinas most commonly consumed honey has been shown to have antioxi-
dant and preventive potential on alcohol-induced hepato injury in mice (Cheng et al.
2014). Another study highlighted the ability of the honey in preventing obesity
(Samat et al. 2017).

16.3 Composition of Chinese Honey

Honey a natural sweetener, converted by enzymatic reactions from nectar or honey
dew by removal of water and decomposition of sucrose to simple sugars (Ball 2007)
because of its antioxidant and antimicrobial functions and for the enhancement of
immunity and anticarcinogenic properties it has found its use in ancient medicine
(Fukuda et al. 2010). Chemically honey comprises around 80% sugars such as glu-
cose, fructose, sucrose, maltose, and some other sugars, 19% of the water and 1%
other compounds (Majtan et al. 2014). The honey has pH value 3.4-6.1. Proline is
the common amino acid in honey, which contributes for nearly 70% of the total
amino acids present in it (Ruckriemen et al. 2015). The total amino acid constitutes
1/1000 of the total dry matter (P#tzold and Briickner 2006). In addition there are
also different flavoring compounds and pigments present in honey (da Silva et al.
2016). 5-hydroxymethyl-2-furadehyde (5-HMF) a heterocyclic compound is typi-
cally synthesized in honey when stored for longer durations or exposure to high
temperature or sometimes both. The production of 5-HMF has been shown to be
responsible for reducing the consistency of the honey and creating polymers such as
pigment (Aslanova et al. 2010). The production of 5-HMF in honey was assumed to
be due to a condensation reaction whereby acids initiate sugar reduction and degen-
eration (Capuano and Fogliano 2011). This was derived from the synthesis of
5-HMF in organic or amino acid sugar solutions. Chinese honey consists of more
than 180 components (da Silva et al. 2016), most of which are altered during matu-
ration process (Vyviurska et al. 2016). Chinese honey consists of 81% sugars, water
17%, and 2% of volatile, nonvolatile compounds, enzymes, phenolic compounds,
and flavonoids which determine its medicinal properties (Sushil et al. 2019).
Volatile compounds are essentially responsible for flavor and aroma which
increases its aesthetic value and appreciates its consumer’s acceptance. The
Chinese born Apis cerana (Acc) is an important ecotype of the eastern honey bee.
With more than three million colonies, Acc has importance not only for the bee-
keeping industry in China but also in Asia for honey production, crop pollination,
and ecosystem preservation.
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Fig. 16.1 Global honey production density, total average from 2001 to 2016, data source FAO

Fig. 16.2 Global production share of honey by region data source FOA

16.4 Honey Production in China

The production, consumption, import, and export of honey vary among different
countries. The FAO has pictured the world honey production distribution from the
average production density (Fig. 16.1) to the average production shares among dif-
ferent continents (Fig. 16.2). According to FAO, the top ten honey producing coun-
tries are China, Turkey, Argentina, Iran, U.S., Ukraine, Russian federation, India,
Mexico, and Ethiopia (Fig. 16.3). China serves as a main source of honey produc-
tion all over the world (Guoda and Chun 2003). For instance, one European article
interpreted that Europe could not satisfy its growing demands of honey without
China (Tamma 2017).

China exports honey as raw material like other developing countries, while as
developed countries export honey as packaged products (CBPA (China Bee Products
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Fig. 16.3 Top ten honey producing countries of the world data source FOA
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Association) 2013) there has been an unusual trend in the honey related trade in
china from last few years. From 2000 to 2002, the amount of honey exported from
the China dropped sharply. This could be explained by the fact that Chinese honey
was banned or heavily taxed by many countries since 2000 when adulteration,
impurities and pollution of heavy metal and antibiotics had been reported (Wu et al.
2015). After 2004, however, the exporting amount was again increasing slowly but
steadily, because the ban was lifted shortly.

16.5 Honey Consumption in China

Domestic consumption of honey in China has a fast growing trend which is quite
clear from Fig. 16.4 such trend was captured by comprehensive report of China Bee
Products Association (CBPA) as well. The report emphasized that china has become
world’s largest nation in honey consumption. As far as the data from China Bee
Products Association (2008) is concerned, the volume of honey consumed domesti-
cally is greater than three quarters of its annual production.
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Fig. 16.5 Honey imports to China from 2012 to 2017 data source FOA

According to literature from china, the increase in raw honey consumption in
China is up to 10% per year (Zheng et al. 2011). The reasons for increased demand
of honey consumption in China include increased population, increased employ-
ment, health consciousness, and honey product diversification. From the perspec-
tive from honey consumption per capita, it grew on 0.11 kg per capita in 2001 to
0.3 kg per capita in 2012 (CBPA 2013). Compared with the developed countries,
however, it is still a small figure that has a big potential to increase. For instance,
the annual honey consumption in Germany, Austria, and Switzerland ranges from
1 to 1.8 kg per capita (Bogdanov et al. 2008). Notably, the amount of honey
imported is also growing (Fig. 16.5). Imported honey prices in China are three to
ten times higher than Chinese domestic honey, often even more, still, higher prices
do not guarantee the good quality. There were cases of adulteration or contamina-
tion in imported honey as well, which were reported by Entry-Exit inspection
Quarantine Bureau in recent years (CBPA (China Bee Products Association) 2013;
Sun et al. 2017). Given increased importance and preference in China toward
imported honey, the agricultural ministry in collaboration with other departments
of the country organized World honey and Bee products show in Beijing in 2017
and repeated the same event in 2018 with a view to aware the people about the
importance of honey consumption as well as to exhibit the honey products at
national as well as international level.

16.6 International Trade Status of Chinese Honey

The price of honey is growing as well, which was captured in the price research of
honey. During 2012-2015, enormous research work has been performed in china
for determining the market status of honey in different cities of country and it was
observed that there was acute rise in price of honey as well as demand of honey
products. During 2012-2015, the average honey price increased from 55.6 to 79.8
renbinmi (RMB) per kilogram. The reasons behind this trend were as a result of
rising costs and higher income and health awareness of consumers (Gao and Zhijun
2016). Chinese consumers express serious concerns over food scares (Table 16.1).
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Table 16.1 Consumer images of Chinese-brand honey, honey from local bee keeper, honey
imported from EU and their comparisons

Chinese-brand | Honey from local | Honey imported

honey bee keeper from EU

(Mean = SD)* (Mean + SD)? (Mean + SD)? p-value
Healthy 3.92+1.02 4.07 = 1.04 357+1.14 <0.001™
Safe 3.95+1.07 4.05+1.01 359+ 1.11 <0.001™
Tasty 3.94 +1.02 4.08 = 1.00 358+ 1.11 <0.001™
Authentic 3.87 +1.05 4.09 +1.01 355+1.14 <0.001™
Sustainable 3.89 = 1.05 4.01 = 1.06 349+ 1.13 <0.001™
Environment friendly | 3.87 £ 1.05 4.02+1.05 356 +1.12 <0.001™
Affordable 4.13+1.04 4.15+1.01 332+ 1.16 <0.001™
Value for money 3.93 +1.07 4.03 £ 1.03 324+ 1.14 <0.001™"
Trustworthy 3.87 +1.05 4.06 = 0.98 355+1.12 <0.001™
Free of hazards 3.78 £1.07 4.05+1.01 3.59 £ 1.09 <0.001™

“Denotes that values were measured in a 5-likert scale. Reproduced from thesis “Consumer
Attitude and Behavior Towards Honey in China” by Zhang Minzhu for award of International
Master of Science in Rural Development from Ghent University (Belgium) 2018

“"Highly significant

Food safety has been the highest priority for consumers in China with regard to
healthy beverages (Lee et al. 2014a, b). One extensive survey study in china showed
that about 83% of the respondents had a high degree of concern and understanding
of food hazards risk (Liu 2014).

Families with children are more likely to show higher concern over food safety.
For instance melamine contamination of milk in 2008 had greatly plummeted milk
consumption among house holders, particularly those with young children.
However, most Chinese consumers had little knowledge of the food safety law that
actually came into effect 3 months ago (Qiao et al. 2010, 2012). A literature review
paper examined the decision-making process on safe food for Chinese consumers
with respect to healthy. And they suggested that Chinese consumers have a level of
awareness but little knowledge of healthy foods, and they have low recognition of
labels. Hence, Chinese consumers have little capacity to recognize healthy foods
(Liu et al. 2013). Their conclusion was in line with many other papers. A survey in
Beijing food consumers concluded that less than 20% of the respondents were
aware of HACCP, a management system aiming at reducing food safety risks. The
same study revealed that respondents after receiving information of HACCP were
ready to spend extra price for HACCP-certified products (Wang et al. 2008).

Honey exports from china are interesting because of the important role China
plays in global development and commerce. The production of Chinese honey
accounts for over 20% of the overall honey production worldwide (FAO 2010).
Meanwhile, there is growing evidence emerging from many countries which shows
that safety standards for honey have been changed by several major countries
(Gu and Zhang 2003; Yang and Zhen 2007), but as of now no verifiable data have
surfaced with regards to quantitatively examined the effect of changing safety stan-
dards in other countries on Chinese honey exports. Hence, exporting honey from
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Table 16.2 The MRL of chloromycetin in honey and honey import (million US$ in 2000 con-
stant) from China 1996-2009*

Item | 1996-2001 12002 2003-2004 | 2005-2009
The MRL of chloromycetin (ppb)

EU 10 0.1 0.1 0.3
Japan 5 5 0.3 0.3
[N 5 5 0.3 0.3
Canada — — — 0.3
South Korea - - - 0.3
Others® - - - -
Annual honey import from China (US $million)

EU 323 6.8 1.6 22
Japan 31.3 48.3 38.2 43.2
[N 19.6 7.8 30.7 13.2
Canada 2.4 1.0 2.9 0.7
South Korea 0.1 1.3 0.7 1.5
Others® 32 9.6 15.0 12.0

*WTO (2010), Hangzhou Entry-Exit inspection Institute (2007). Reproduced from thesis
“Consumer Attitude and Behavior Towards Honey in China” by Zhang Minzhu for award of
International Master of Science in Rural Development from Ghent University (Belgium) 2018
"Malaysia, Singapore and Hong Kong

China is suitable case for evaluating the effect of food safety requirements on agri-
cultural trade. China’s honey export was at peak in 2000 with 103,000 tons, account-
ing for 42% of total production (246,000 tons). After 2000, though production
continued to increase however exports dropped to 88,000 in 2005 and 73,000 tons
in 2009, respectively. In 2009 only 18% of the total production was exported. In
conclusion, the rise in the honey production in China in recent years is associated
with decline in export since the early 2000s. Table 16.2 indicates the substantial
decrease in the export of China’s honey since 2000 is explained by other factors
rather than tariff adjustments. Except for India the tariff rated levied by its major
importers have either dropped or remained unchanged (Table 16.2 columns 2 and
3). Some studies have argued that nontariff initiatives and other exporting countries
such as Argentina and Canada have weakened China’s low price competitiveness
(Ying and Zhou 2005; Zhou and Qi 2010). Some scholars suggest that Argentina
has broadened its international market share and replaced some of the existing
markets in the China (Li and Wu 2009). Some, however, claimed that decline in the
export of Chinese honey is linked to food safety requirements imposed by import-
ers. Honey exports in China declined sharply as major importing major countries
(EU, the US, and Japan) increased safety standard requirements. Wang and He
(2008) reported that the increase in chloromycetine MLRs in the US, Japan, and
Germany drastically reduced export of between 2000 and 2005. Given the importa-
tion of honey from China by more than 50 countries/regions; most of China’s honey
goes through limited number of nations. Chinese top five importers, including
Japan, the US, Belgium, the United Kingdom, and Spain account for approximately
77% of total China’s exports between 2005 and 2009 (Table 16.2). Japan was the
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leading importer of the China’s honey between 2005 and 2009. Its import from
China accounted for 46% of China’s overall export. China’s honey export to the US
during this period was around 14% of China’s overall export. Together Belgium, the
United Kingdom, and Spain imported around 16% of China’s total exports. Around
2005 and 2009, Chinas top 16 importers accounted for almost 95% of China’s over-
all honey export. Throughout the past decade there has been a noticeable diversified
trend on China’s honey exports. Japan, Belgium, South Korea, Singapore, Poland
and India increased their imports of honey significantly during 1996 and 2009.
Certain importers such as the US, the United Kingdom, Spain, Dutch, Germany,
Hong Kong, Canada, and France recorded negative annual growth rates from China
during the same time.

16.7 Food Safety Standards and Honey Export

Food health regulations have become more critical in the honey trade over the last
decade. As one of the main measure for quality food protection in importing coun-
tries, honey related sanitary and phytosanitary (SPS) measures were put in place now
and then by main importing countries and the number of SPS warnings has increased.
These increasing alerts on honey came from the EU, Japan, the US, Canada, South
Korea, Poland, and India. Between 2001 and 2009, South Korea’s alerts were released
at least once in a year. The EU, Japan and India have regularly received SPS alerts.
SPS notification trend shows that honey protection requirements attract rising atten-
tion from importing countries. Another essential honey health criterion of China con-
cerned by these countries is the maximum residual limit (MRL) of chloromycetine
(Ch). Ch. is a bacteriostatic antibiotic used against broad range of gram + and gram
negative bacteria including many species (Falagas et al. 2008).Ch. is commonly used
for treating bee diseases (Katznelson 1950). The Ch. therapy results in bone marrow
toxicity and occurs in two different forms: one is the suppression of bone marrow a
direct toxic effect of the drug and is reversible and aplastic anemia which is rare,
impredictable, and independent of dose and often lethal (Rich et al. 1950). Most coun-
tries therefore have set Ch. MRL on food items to take care of human health. The
smaller MRL Ch has resulted in more strict safety standards. Table 16.2, reveals the
MRL of Ch. that had been changing in four major honey importing countries (EU,
Japan, the US, Canada, and South Korea) between 1996 and 2009, and honey safety
standards have become more stringent in these countries.

16.8 Therapeutic Properties of Honey

Meda et al. (2004) documented that honey is becoming appropriate to traditional
medical practitioners and the general public as an acceptable and effective therapeu-
tic agent. Various Chinese scriptures including that of Shen Nong’s Herbal Classic
and Compendium of Materia Medica have documented the medicinal properties of
the use of A. cerana (multifloral honey bee).
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16.9 Antibiotic Effects of Chinese Honey

The jujube honey, commonly used honey in China has been proved its antioxidant
and preventive potential on alcohol-induced liver damage of mice (Cheng et al.
2014). An antimicrobial effect of Chinese honey is well documented in Chinese
literature since centuries. Chinese honey serves as an essential therapeutic tool for
combating infection. Zaghloul et al. (2001) revealed that honey has powerful anti-
microbial effects including both pathogenic as well as nonpathogenic microbes
even against those which develop antibiotic resistance to many antibiotic drugs.
Depending upon the concentration used, antimicrobial properties of honey can be
bacteriostatic or bactericidal. However certain factors such as high osmolarity
(low water activity), low pH and hydrogen peroxide and non-peroxide compounds
have been associated to antimicrobial activity (Taormina et al. 2001; Tanih et al.
2009). In addition, honey being a highly saturated sugar solution; such sugar com-
pounds dispel high attraction to water molecules sparing less or no water to sustain
the microorganism’s production. The microorganisms thus get dehydrated and ulti-
mately die (Malika et al. 2004). In addition, many pathogens get inhibited by natural
acidity of honey. Most of pathogens typically have pH around 4.0-4.5. The main
antimicrobial potential of honey is attributed to hydrogen peroxide (Temaru et al.
2007), which is synthesized by glucose oxidation a reaction carried by glucose-
oxidase enzyme during the dilution of honey (Iurlina and Fitz 2005). On decompo-
sition hydrogen peroxide produces various free radical species that kill the bacteria.
Hydrogen peroxide activity in honey can be diminished by heating or by the action
of catalase. Given this, other honeys possess different mechanism to that of perox-
ide effect, exhibiting a strong and robust antibacterial action (non-peroxide activ-
ity), (Alvarez-Saurez et al. 2009) and are referred as non-peroxide honeys. Manuka
honey (Leptospermum scoparium) and jelly bush (Leptospermum polygalifolium)
from New Zealand and Australia are non-peroxide honeys that, in addition to hydro-
gen peroxide production, are postulated to possess unidentified active components.
Honey also possess other bacterial inhibiting compound, non-peroxide inhibins
also referred as phenolic compounds, aromatic acids, and other phytochemicals
(Lee et al. 2014a, b).

16.10 Role of Chinese Honey on Liver Disease

The damage to liver by consuming alcohol is obvious and alcoholic liver disease is
known to be the most prevalent cause of avoidable morbidity and mortality liver
disease worldwide (Mathurin and Bataller 2015; Addolorato et al. 2016). Within the
liver, the metabolic center of the human body, ethanol is oxidized by alcohol dehy-
drogenase to acetaldehyde and subsequently to acetic acid in a reaction catalyzed by
acetaldehyde dehydrogenase (Liu 2014; Mello et al. 2008). This cycle produces
hepatic cytochrome P4502EI (CYP2EIO and generates reactive oxygen species
(ROS), resulting in enhanced microsomal ethanol oxidation system (MEOS) activ-
ity and increased hepatic injury (Cederbaum et al. 2015; Neuman et al. 2015; Lu
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and Cederbaum 2016). Therefore, oxidative stress reduction must be a primary fac-
tor for preventing alcoholic damage to the liver. Acute alcohol consumption is a
common way to drink alcohol, which accounts for the majority of alcohol consump-
tion and has resulted in a specific chronic alcohol related liver damage. Most of the
people who consume alcohol suffer from alcoholic associated liver injury (Stahre
etal. 2014).

Honey is important for its established role as antioxidative effects against free
radicals and antimicrobial activity (Alvarez-Saurez et al. 2009). Honey’s key ingre-
dients are saccharides such as fructose and glucose, water, and few other compounds
viz. trace elements, some proteins, vitamins, organic acids, phenolic, and volatile
compounds (da Silva et al. 2016; Solayman et al. 2016). Phenolic compounds have
specifically established a class of biochemically active compounds which play their
role as antioxidants and scavenge free radicals (Can et al. 2015; Sousa et al. 2016).
A number of in vivo studies have shown that honey improves serum antioxidant
function by enhancing oxidative stress defenses (Gheldof et al. 2003; Cheng et al.
2014, 2015). As the research on honey has progressed, it has been documented that
honey has possible hepatoprotective role against chemically induced liver damage
and large number of researchers have demonstrated protective role of honey (Y1ldiz
et al. 2013; Wang et al. 2015; Saral et al. 2016). Apiscerana fabricius (A. cerana)
bee reared for honey making is a multifloral honey produced from the nectar of
flowers of various plants of honey source which are distributed all over the moun-
tains in China. A. cerana honey has found its application as a traditional medicine
thousands of years prior to the introduction of A. mellifera in China. Traditionally,
A. cerana due to its longer nectar cycle and the large variety of nectar sources cer-
ena honey is more nutritious than other honey species. Zhao et al. (2017) conducted
a study on hepatoprotective role of chines honey made by A. Cerana honey Bees,
where they demonstrated curative role of honey on chronic alcoholic liver injury
that was previously documented by Cheng et al. (2014). Zhao et al. (2017) con-
cluded that polyphenols in A. Cerana honeys resulted in enhanced antioxidant prop-
erties in vitro. The research work was conducted on mice using honey from Qingling
Mountains of China for 12 weeks which resulted in serum antioxidant inhibition,
depleted liver index, despondent dehancement of serum amino transferases,
improved hepatic MDA output, SOD and GSH-Px activities and increased TGF-f3
expression. Therefore they revealed A. cerana has a hepato protective role in mice
because of its antioxidant and prevention of oxidative stress potential. Wang et al.
(2015) conducted a study where they selected 14 vitex honey from China for inves-
tigation to assess the antioxidant and hepatoprotective potential against paracetamol-
induced liver damage in mice and concluded that vitex honey has a prominent role
against the hepatic damage by its antioxidant activity.

16.11 Conclusion

Honey is the natural bee-derivative consumed by human civilizations since ancient
times as sweet food as well for medical purposes owing to its innumerable health
benefits. Honey contains a broad spectrum of valuable phytocomponents that make
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it a potent candidate in healthcare system. Chinese honey consists of more than 180
components including sugars, water, volatile, nonvolatile compounds, enzymes,
phenolic compounds, and flavonoids which determine its medicinal properties.
Volatile compounds are essentially responsible for flavor and aroma which increases
its aesthetic value and appreciates its consumer’s acceptance. China tops the world
in the production of honey and exports large amounts to Europe. The Chinese honey
serves as an essential therapeutic tool for combating infection, exerting hepatopro-
tective effects, and so on. In addition to serving the science of medicine, honey
production has boosted economy all over the world, especially in China. Further,
extensive research work is needed on honey worldwide including Chinese honey to
unravel and confirm its effective therapeutic role in wide range of diseases including
tumors, diabetes, and the current Covid-19.
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