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Abstract: With economic development and continuous improvement in the of living standards, people’s demand for food
has increased. In order to improve the quality of food such as its taste, appearance, and texture, food processing industries
have started to develop synthetic substances which are added to food, known as food additive. There is a wide variety of
food additives making different effects on the human body, and some even seriously endanger consumers' health, espe-
cially sportspersons, as they need healthier more after exercise. Therefore, the detection and management of food addi-
tives are necessary, which can be managed by introducing the principles of classification and usage of food additives, car-
rying out routine inspection and testing technologies, introducing systems of analysis of food additive, technology used
for detection and methods of application, and by taking corresponding improvement measures.
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1. INTRODUCTION

Food additives are chemical synthetics or natural sub-
stances added to food in order to improve the quality, color,
aroma, taste and requirements of antisepsis and processing of
food. . Food additives are basically synthetic [1-3] there-
fore, excessive use can cause varying degrees of harm to
humans. The Standardization Committee of food additives
was established in 1980 in China which made provisions
regarding the application and use of additives. However,
because of residues of additives in the food, technological
development lags behind the developments in the food addi-
tives industry. Illegal production of food additives and their
excessive use are still very serious issues. To strengthen the
study on the detection of food additives, qualitative and
quantitative assessment will be extremely important [4, 5].

2. MATERIAL AND METHODS

2.1. Snapshot of the Development of Food Additives in
China

Comprehensive, systematic research and management of
food additives in China although started late, but it devel-
oped rapidly [1].

First stage: Soon after the establishment of the new Chi-
na, provisions were made to abandon the use of certain addi-
tives in the production of food,.

Second stage: In 1973, the National Health Standard for
Food Additives established a research collaboration group,
and began a comprehensive study on the issues related to
food additives. In 1977, it was promulgated by the National
Health Standard for the use of food additives and the food
additive regulation on health at the start of the comprehen-
sive management.
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Third stage: In 1980, an organization was set up named
as a "National Food Additive Standards Technical Commit-
tee", for the standardization and internationalization of Chi-
na’s food additives. Since then, the development of China’s

food additives industry has been rapid [6, 7].

Today, food additives have emerged as a new discipline,
and have become one of the basic industries categorized as
the modern food industry.

2.2. Advantages and Disadvantages of Food Additives

Food industry never experiences decline. At present,
China ranks first in generating output in all sectors of the
food industry, with the growth rate much higher than the
national economic growth. Food additive in food production
is the most active and most creative element, and is the soul
of the food industry. Food plays an important role in promot-
ing industrial development. Lack of food additives implies
lack of modern food industry. Although they are added in
food only to 0.01% 10, ten-zeros, however, this is enough to
improve the color, aroma and taste, for adjusting the struc-
ture of food nutrition, improving food quality and food pro-
cessing conditions. Food additives also play an important
role in the extension of food shelf life, as well as for com-
prehensive utilization of food resources . If there are no
modern food additives, there would be lack of moderniza-
tion of the food industry [8].

Beneficial effects of food additives: Food additives have
contributed greatly to the development of the food industry,
and are known as the soul or pillars of the modern food in-
dustry. Among several benefits they bring to the food indus-
try, their main function is as follows. Firstly, they are condu-
cive to the preservation of food, prevention of food spoilage
and enhancement of the quality of food. Secondly, they im-
prove the organoleptic properties of foods to meet people's
requirements of food’s flavor, color and texture. Thirdly,
they maintain or improve the nutritional value of food, which
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can enable the food industry to save resources and at the
same time, significantly improve the quality of food to in-
crease their added value, in order to achieve significant
economic and social benefits.

Furthermore, they have, increased the variety of food
meeting the varied needs of consumers. [9-11] They have
also enabled the food processing and manufacturing process-
es as being more rational, healthier, and convenient, for
industrial mechanization, automation and standardization of
food industry.

The safety problem of food additives: Food additives
play an important role in the development of food industry,
but the use of food additives also has its principles, namely,
safety and efficacy, with safety being more important.
GB2760 11,996 national mandatory standards of hygiene
provide standards for using food additives with specific ti-
tles, classification, use, and dosage of food additives. [12,
13]. At present, in China, mainly the following issues exist
regarding the use of food additives:

1) Excessive use of food additives. There has been an
extension in the limit of use of food additives, which has not
only resulted in substandard products, but also has threat-
ened human health.

2) Super scope of use of food additives. Excessive use
of food additives is beyond the scope of mandatory national
standards required by certain food additives that can be used
in specific type and within the scope. Alcohol, fragrance,
saccharin and water" blended wines fall into severe cases
which have exceeded the scope of use .

3) Use of unauthorized or prohibited additives. These
substances are not approved by the national food hygiene
departments or have been explicitly labelled as banned addi-
tives, which once again have been added to food products.
This will inevitably lead to the poisoning or even death of
food stuffs safety accidents. 2008 San Lu milk powder adds
a "melamine".

4) Use of substandard, fake, and expired food addi-
tives. Food additive products have certain quality require-
ments. Unqualified food additives are mainly embodied in
product purity. Some bad food additives contain small
amount of mercury, lead, arsenic and other toxic and harmful
substances, which seriously affect the quality of products,
thus, endangering consumers' health.

2.3. The Development Trend of Food Additives

Now countries are committed to developing new kind of
food additives and food additive fabrication technologies.
The development trend of food additives is as follows: First,
the research and development of natural food additives. Se-
cond is the rigorous study on bio-food additive. Thirdl is the
creation of a new food additive synthesis. Fourth, involves
studying food additive compound and other applications;
Fifth includes research-specific functional food additives.
Sixth is the study on polymeric additives and seventh is the
active development of preservatives and preservation tech-
nology.
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2.4. Food Safety and Inspection

Food is the material basis for human survival and devel-
opment, and food security is the major issue related to hu-
man health and livelihood. "Food security" refers to: "on
food by its original uses for production or edible Shi does
not on consumers caused damage of a guarantees. Security
of food stresses on the idea that food should not damage or
threat human’s health. It is a concept of science, which can
also be expressed as security involved in " planting of food,
farming, processing, packaging, transport, storage, and
sales activities, meeting mandatory standards . Absolute
security is impossible, therefore, generally relative safety of
food is taken into consideration so that it does not lead to
health damage under normal consumption practices . Effec-
tive control measures of food entail eliminating hazardous
substances or toxic substances to ensure food security,
which primarily depend on food preparation with respect to
food quantity a number of other internal factors.

In recent years, frequent serious incidents have been re-
ported in some regions and countries in the world. China's
food safety issues have also been significant. With rapid
economic and social development in China, obtaining basic
solution of the problem of food security causing health
problem, has become a serious concern, especially in China.
as WTO of members, and world States of trade from will
increasingly increase, food security has become no borders,
world a area of food problem is may will spread global, thus
on China food security brings huge effects. Food safety
problems to a certain extent, affect agricultural products in
China and the strategic adjustment of industrial structure.

The idea of food security implies that food does not con-
tain substances or factors that may harm or threat human
health. If food safety is guaranteed, it implies monitoring of
food safety, quality, damage or health-threatening substanc-
es, and other factors for inspection. Meanwhile, for the as-
sessment of safety, detection methods are used to provide a
scientific basis for the assessment. Therefore, assessment not
only plays an important role in food safety management, but
is also indispensable for proposing in food safety precau-
tions.

In order to ensure food safety, it requires a supervision
management, using fast and effective means of analysisln
addition, it should assure satisfactory consumption envi-
ronment for consumers, guarantee security of people’s
health., control not security of food entered or as less of en-
tered people of diet among, effective guarantees China of
food security, is Government and research workers, and pro-
ducer, and operators, and managers zanier of society are in
concern of focus matters.

3. CATEGORIES OF FOOD ADDITIVES

Food additives are divided into 23 categories according
to their functionality, and standards of usage which include
2,400 varieties of food additives. In addition, China currently
allows the use of food nutrition fortification agents involving
about 200 species.

Food additives are classified according to their origin,
method of production, the role and function, which are dif-
ferent for different divisions.
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According to the origin, there are two categories of food
additives; natural food additives and artificial chemical com-
pounds. Natural food additives are extracted from plants and
animals produced by biotechnological methods by either
fermentation or enzymatic hydrolysis. Food additives ob-
tained by chemical synthesis can be divided into general
and synthesizing natural equivalents, such as natural spices,
natural pigments, efc. Furthermore, naturally extracted addi-
tives are classified into three categories according to the pro-
duction methods, chemical synthesis, and biosynthesis (en-
zymatic and fermentation).

Classification by role and function: In 1990, China pro-
vided classification codes for classifying food additives ac-
cording to their main function. Food additives were classi-
fied into; acidity regulation agent, anti-knot agent, elimina-
tion bubble agent, anti-oxidant, bleach, expanded pine agent,
glue Sam sugar based agent, colouring agent, nursing colour
agent, emulsion Agent, enzyme preparations, increased fla-
vour agent, flour processing agent, film agent, and water
keeping agent, nutrition strengthened agent, preservatives,
stable and solidified agent, sweet agent, increased heavy
agent, food with spice, and food industrial with processing
additives and the other additives.

4. DETECTION TECHNOLOGY AND METHODS
4.1. Artificial Pigment

High performance liquid chromatography has become the
main method for the detection of artificial pigment, which is
also the first method GB/T 5009 35-2003(for the determina-
tion of synthetic colorants in food), due to their separation
ability. DAD combined with variable wave length detectors
allowed the detection of more targeted food additives. Liu
fen, introduced high performance liquid chromatography
combined with DAD detector on lemon yellow, amaranth,
cochineal and sunset yellow and bright blue method. Chro-
matographic column EC ODS is 51um (125 min*4mm) mo-
bile phase methanol. 0.02mol/l ammonium acetate and
methanol gradient: after the initial 10%, 3min to 30%, 5 min
to70% for 1min. In variety of different synthetic pigments
peak time. The best detection wave length was selected
which can greatly improve the detection sensitivityand over-
come at 254 nm the baseline wanders caused by gradient
Elution. Accuracy improved the quantitative. There are other
methods of paper chromatography, Xi oscilloscope spectros-
copy, UV spectrophotometry, and thin-layer chromatog-
raphy.

There is a sample method known as high performance
liquid chromatography sample preparation method, which
includes simple matrix samples, which if frozen, become
carbonated and alcoholic.

Beverage Direct water samples can be dissolved, after
being transferred to suitable pH value followed by the de-
termination of the membrane with constant volume. For a
more complex sample matrix, juice can be used.

In the polyamide adsorption method, the heated sample
solution and sodium citrate pH=6 are mixed with polyamide
powder. Water-soluble impurities are removed by Filtering
Wash, and methanol and formic acid wash away natural
pigment: washed. Be neutral. With ammonia --desorption
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pigment ethanol, steamed after the removal of ammonia so-
lution of constant volume. The Audi acidic pigment of the
Mono-ago structure falls yellow, lemon yellow, Carmine,
allure red efc. and methylene biphenyl brilliant blue Indigo.
Indigo tribe has strong adsorption capacity. Then use sul-
phuric acid- sodium tungstate precipitate proteins. Or you
can ether was used to remove the oil, and then use the ultra-
sonic extraction.

4.2. Food Sweet Agent

Common sweeteners include; sodium saccharin, sugar,
and asparagine Acicula fame potassium. -Phenylalanine me-
thyl ester (Sweeteners), and others are mostly used in high
performance liquid chromatography and also reported to be
used in ion chromatography. G Jian Hua, enhanced
'GB/T5009. 97-2003 discarded by capillary column gas
chromatography for determining sodium cyclamate in yel-
low rice wine by chromatographic column CP Sile5CB
(30m*0. 25 mm*0.25um). Detector FID, tested room tem-
perature of 200 degrees Celsius. Inlet temperature, was 200
degrees Celsius. Carrier gas (high pure nitrogen) flow rate 1
mL in 1 minute. Hydrogen flow rate 30mL /min, air velocity
300 mL/min. Tail blown 29mL/min, injection volume 1. 0 L,
split ratio 1/10 (initially), 1/20 (Omin), 1/100 (0. 75
min). Column box temperature 100 degrees Celsius for 4
min. With speed of 50 degrees Celsius /min up to 150 de-
grees centigrade. Hold for 5 minutes.

Sample pre-treatment methods: Gas chromatography
method was used for the determination of sodium cyclamate,
taking advantage of the decomposition of sodium nitrite of
sodium cyclamate in food. Cyclohexane under acidic condi-
tions was produced by esterification into volatile nitrites of
Cyclohexane by gas chromatographic method. The samples
were placed in an ice-water bath, and sodium nitrite and
sulphuric acid solution were added. The samples were mixed
well, and placed in ice water bath for some time, followed by
the addition of n-hexane and sodium chloride. By oscillating
static hierarchy, n-hexane extract was obtained.

In high performance liquid chromatography, since most
of the sweeteners are soluble in water, therefore, for some
matrix simple foods, like carbonated beverages, and alcohol-
ic beverages (prior to the removal of carbon dioxide and
ethyl alcohol), sweeteners were only extracted by diluting
them in a certain volume of water . For a more complex
sample matrix, like milk beverages, and soy sauce, water
and ultrasonic extraction were added, which were mixed
with protein precipitants, and were added into the filter
through filtrate membrane.

For solid samples, for ultrasonic extraction, inater was
added into the membrane constant volume.

4.3. Food Antioxidants

Currently, high performance liquid chromatography is
widely used. It can simultaneously determine multiple anti-
oxidants. Hu X Z by reversed-phase high performance liquid
chromatographic method determined 9 kinds of phenolic
antioxidants in oil using methanol-acetic acid-water system
for a mobile phase, using gradient elution. Determination
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was carried out in a linear range of 1~200mg/L (R=0. 9985-
0. 9997), with the detection limit of 2 mg/kg, and the recov-
ery rate was 82. 4% to 98.7%. RSD was 1.1% to 14.74%.
Lin Anting used liquid chromatography-tandem mass spec-
trometry method for the simultaneous detection of matrix
components, and more complex BHA indeed, OG, PG,
TBHQ, NDGA, and DG6 seed antioxidants. Detection limits
for 2mg/kg were qualitatively in line with EU rules. Residue
analysis of linear, recoveries and precision met the require-
ments. In addition, there is another methods named as gas
chromatography, for colorimetric determination of antioxi-
dants.

Sample pre-treatment methods employing high perfor-
mance liquid chromatography were prompted. Generally,
non-polar solvents such as hexane, and ether were extracted
and the polarity solvent such as acetonitrile was distributed
in liquid . For the preparation of polar solvent, rotary steam
volume concentration membrane was measured using gas
chromatography method. Generally, it is dissolved with hex-
ane oil, extracted with acetonitrile and ethanol blends. The
solvent is removed after TMS treatment for testing.

4.4. Food Preservatives

In recent years, for the determination of preservatives in
foods, gas chromatography and high performance liquid
chromatography are used for simultaneous determination of
many kinds of preservatives including 8 food preservatives
for DE oxidation acetic acid, propionic acid, sorbet acid,
benzoic acid, hydroxyl benzoic acid methyl ester and ethyl
hydroxyl benzoic acid, p-hydroxyl benzoic acid, N and hy-
droxyl benzoic acid butyl ester. Detection limit was 1.5, 1.0,
1.5, 1.0, 2.0, 2.0, 2.0,and 2.0mg/L, respectively. Wu Y J
established solid phase extraction and high performance
liquid chromatographic method for the determination of de-
hydrogenation acid, benzoic acid and sorbet acid in pastry
method. In the 0.02-0.15 mg/mL, adequate linear relation-
ships were observed. RSD was 1. 0% to 2.5%. Recovery was
96. 2%-102.1%, as the method is simple, rapid and sensitive,
with good precision and accuracy. In addition, capillary elec-
trophoresis detection of preservatives in foods was also re-
ported.

Sample pre-treatment methods: Preparation of gas chro-
matography sample is as follows: the matrix of food (such
as vinegar, juice,) was added in hydrochloric acid (1+1), by
acidification, extracted with ethyl ether and washed with
acid solution of sodium chloride. Following this, it formed
a anhydrous sodium sulphate layer. Petroleum ether was
ether-dissolved. For the complex matrix of foods, (such as
meat, and hot sauce), the current measurement method is
used for the determination of interference in food ingredients
to be removed first. For example, potassium cyanide-zinc
acetate as a precipitant, sodium hydroxide - zinc sulphuric
acid as precipitant, benzoic acid and sorbet acid soluble in
water in alkaline environment. Characteristic of acidic envi-
ronments is that do not dissolve in water, under alkaline
conditions to remove grease, then measured with simple ma-
trix method for similar foods.
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High performance liquid chromatographic method was
used for sample preparation: For the matrix of food (soft
drinks, fruit juices, wine), specimens can be dissolved in
water, by adjusting pH value at a constant volume after cen-
trifugation. On the complex matrix of foods: (such as pas-
tries, sauces, efc.), interference in food ingredients is also
removed first. Pan Qing reported that benzoic acid and sor-
bet acid in acidic conditions can be distilled with steam . The
method is simple, fast, and involves a variety of complex
matrices of benzoic acid and sorbet acid in foods.

4.5. Simultaneous Determination of Various Food Addi-
tives

Food can sometimes contain different types of food ad-
ditives. Development in the methods for simultaneous de-
termination of various food additives will greatly increase
the efficiency of the examination, but for a more complex
food matrix, because of different nature of additives reports
were presented based on simultaneous determination of vari-
ous food additives by high performance liquid chromatog-
raphy which were relatively similar to the simultaneous de-
termination of preservatives and sweeteners. Extraction of
the sample involved two steps, extraction and mixing for
simultaneous determination of various foods.

Huang established a high performance liquid chromato-
graphic method, for simultaneous determination of 8 pre-
servatives in soy sauce or drink and 3 kinds of sweeteners
containing domain's new testing method. ODS-C18 column,
with 20mmol/L KH2P04 and acetonitrile as the mobile phase
gradient, with a UV detection wavelength: 230,254nm and 2.
50-162ug/mL linear range. R=0.999. Recovery rate was
97.2%~199.2%, and the method was highly sensitive but
reliable.

Sample pre-treatment methods are used in high perfor-
mance liquid chromatography, as most preservatives and
sweeteners are soluble in water. Simultaneous determination
of 2 kinds of food additives, involves simple food matrix
(wine, soda, efc.) which can be simply extracted or diluted
in a certain amount of water . For more complex food ma-
trix (soy sauce, milk, cakes, efc.) water or ultrasonic extrac-
tion is required, for mining protein precipitation agent and
solid phase extraction column purification technology.

EXPERIMENT AND CONCLUSION

Experiment condition: The conditions included, mobile
phase methanol: 20mmol.L-1, acetate buffer solution
(pH6.8), gradient Elution (methanol:10% 4min;10%-
20%,20%/min,20%keep 2 min;20%-30%,6.7%/min, and
30% kept for 3 min ; 30%-95%, 21.7%/min ;95%-
10%,85%/min, and 10% kept for 2 min, (details are shown in
Table 1) and the flow velocity was 1.0ml/min, with column
temperature of 30 celsius. Sample size was 10uL, with ultra-
violet detectors for detection in 234nmand quantifying peak
area. By using peak area of concentration in drawing, the
regression equation was solved.
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Fig. (1). Acetic acid and methanol over time curves.

Table 1.  Gradient elution ratio.
Time (Acetic acid) A-phase (Methanol) B-phase
Proportion (%) Proportion (%)

90 10

4 90 10
4.5 80 20
6.5 80 20
8 70 30
11 70 30
14 5 95
15 90 10
17 90 10

Experimental study was based on mobile phase compo-
sition and proportion, buffer pH, temperature, flow rates and
other factors affecting the separation. These make the opti-
mum conditions define optimal elution conditions. Using
methanol and acetic acid as mobile phase system reduced
the cost and toxicity to extract different kinds of preserva-
tives, sweeteners, and for simultaneous determination of
synthetic colours. Two sets of gradient elution procedure
were created in this paper. Gradient Elution shortened the
time of analysis and increased the degree of separation, im-
proved peak shape and detection sensitivity. After screening,
wavelength was determined as 234nm under 254nm, with
each component giving a better response, effectively im-
proving the sensitivity and overcoming the baseline shift,
while reducing the interference of coexistence.

Acetic acid and Methanol over time curves are as show
in Fig. (1).

To sum up, detection technology and methods of food
additives have developed very fast in recent years. Chroma-
tographic techniques have become an important means of

9 10 11 12 13 14 15 16 17 18

min - « « = Methanol Aceticacid.l

detection of food additives. But most of the methods general-
ly have the following problems: 1. Food matrices are com-
plex. Almost all kinds of analysis and testing methods of
sample pre-treatment are slightly cumbersome, and are di-
rected at the specific substrate, employing a method of ap-
plying narrow Fan Z X, Audi.2. There are a variety of test
methods used for the determination of additives in food .
Although some methods can perform simultaneous detec-
tion of several additives, but in a limited range. 3 chromato-
graphic methods are the most widely used methods, but
they cannot be relied upon to confirm the results. Simpli-
fied sample preparation procedures, focusing on the devel-
opment of various food additives as well as the determina-
tion methods and GC/MS, LC/MS/MS final results con-
firmed by study on detection of food additives should be
given great attention.
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