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Abstract

Fruits including berries are one of the most important sources of our daily
nutrition due to their major aspect from point of view of consumers. The
fruit quality includes the internal and external properties. The internal quality
mainly is determined by aroma, flavor, taste, texture, nutritional quality (so-
luble sugar content, starch, organic acids, soluble solids content, and carote-
noids, total flavonoids, total phenolic, antioxidant activity), flesh firmness,
diseases, and chemical residues, while the external quality mainly concerns
the appearance, size and colour and bruises. How to measure berry fruit qual-
ity has always been one of the most attractive research hotspots in the food
industry. For the present, most of the available investigative methods are still
destructive, labor and time-consuming; besides, several methods require
sample preparation, costly instruments and chemicals, which cannot be used
for large-scale sample evaluation. With the increasing demands of real-time
detection of fruit quality, non-destructive fruit evaluation methods have been
greatly developed. However, problems like low detection accuracy and poor
model adaptability remain in the non-destructive detection system. Thus, it is
necessary to develop non-destructive, high-efficient, simple, accurate and
low-labor-cost techniques for fruit quality determination. In this paper, a
comparison of different and advanced analytical methods for assessing the
fruit quality characteristics of berries was discussed.
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1. Introduction
Why Berries?

Fruits including berries have high importance in world fruit production and for
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human consumption since they are rich in health benefit compounds [1] [2].
Edible berries have been a part of people diet for many centuries. Increasing
demand and consumption of healthy and functional foods is one of the most
significant current world trends [3]. The term “functional food” originated in
Japan in the 80s, and its meaning has varied throughout the World [4]. Health
and enjoyment are the two main reasons for eating fruits. Berries are known also
as non-wood forest and bioproducts and commonly consumed worldwide and
typically used in functional and premium class foodstuffs and nutraceuticals [5].
The recent global interest in the consumption of foods with high levels of func-
tional properties and nutraceuticals compounds is gaining momentum [6].
Among these types of foods, berries are one of the most important functional
and nutraceutical foods in our diets [7].

Therefore, they are of great interest to scientists specifically breeders, nutri-
tionists, and food technology experts on berries specifically strawberries (Fraga-
ria x ananassa L.), blackberries (Rubus fructicosus L.), raspberries, blueberries
(Vaccinium spp.), white and black mulberries (Morus alba L. and Morus nigra
L.), currants (Ribes spp.), raspberries (Rubus ideaus L.) and gojiberries (Lycium
barbarum and Lycium chinense) [8]. Berries are rich in high levels of antioxidants,
phytochemicals, flavonoids, carotenoids, polyphenols, vitamins, and minerals.

It has been previously reported that a large number of studies have shown a
wide range of biological activities and potential health benefits of berries, berry
fractions and their products. Compared with other fruit species, berries are un-
usual in that they are rich in anthocyanins.

Like their pulps, berry seeds also have important benefits since they are rich in
oil and comprise essential fatty acids as linoleic (18:2n6) and a-linolenic acid ra-
tios close to one. Furthermore, it has been previously reported that dietary in-
tervention with berry seed oils in the early stage of life may reduce the preva-
lence of atopic cardiovascular diseases, diabetes, obesity and cancer diseases [9]
[10] [11] and [12]. Lifestyle factors, such as diet, obesity, and socioeconomic
status, have a profound impact on cancer incidence. Combined, these highlight
an increasing demand for strategies for cancer prevention, as there is substantive
evidence that diet, nutrition, and physical activity play fundamental roles in
cancer and disease prevention [13]. The World Health Organization (WHO)
recommends a daily intake of more than 400 g of fruits and vegetables per per-
son due to their importance in reducing many diseases [2].

Due to their freshly consummated highly colored fruits, delicious taste, low
calories and richness of their bioactive compounds, berry fruits have been con-
stantly increasing in popularity over the last few decades. Berry fruits have very
low amounts of lipids, but are rich in dietary fibers, and are extraordinary
sources of sugars, acids, phenolics, anthocyanins, carotenoids, flavonoids, tan-
nins, vitamins (A, B1, B2, C and PP) and minerals [14].

Berries are fruits which are usually small and rather perishable. For this rea-

son, the consumption of berries in their essence or without losing their quality is
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important. Genetic, environmental and cultural application factors affect the
berry fruit quality. Recently breeding and biotechnological approaches are cur-
rently used to increase the content of metabolomics in berries. Consumers prefer
to buy healthy and pesticide residue-free products. Therefore, more research on
the technology fast, reliable, replicable required for determining fruit quality
should be needed. Thus, this paper will review the issues on detection of berry
fruit quality parameters by advanced technologies that have been applied for

measuring them.

2. Fruit Quality Parameters

2.1. Sugars

Sugars are primary products of photosynthesis, and a fundamental compound
correlated with fruit quality and flavor, which determine the caloric value of the
fruit. Total soluble solid content of the berries can be detected using fast and
very simple methods. The degrees Brix is a simple scientific measure of the total
soluble solids (TSS) contained in a liquid. 1 °Brix equals 1 gram of dissolved su-
crose sugar in 100 grams of water. The typical degrees Brix measurement can be
done with a refractometer, which is available as both classic mechanical versions
and modern digital versions. The major disadvantage of the refractometers is
that the sample, namely the fruits to be tested, needs to be destroyed to have the
fruit juices on the refractometer. With near-infrared spectroscopy the destruc-
tive sampling of the fruits can be by passed, and the quality of the fruit can be
tested without waste or harmful chemicals. NIR spectroscopy does not require
any sample preparation as such, it is easy-practical and fast to use.

HPLC technique can be used to help identify and quantify the sugar content
of a wide variety of sample types. The analysis is limited to mono- and disaccha-
rides. Oligosaccharides and polysaccharides may be analyzed for monosaccha-
ride content after enzymatic digestion. Sucrose, glucose and fructose are the
main sugars found in fruits of commercial importance [15]. Sorbitol, which is a
sugar alcohol, is also present and is important in some fruits [15]. Fructose is 3,

2.3 and 1.7 times sweeter than sorbitol, glucose and sucrose, respectively [16].

2.2. Acids

Total acidity is the sum of organic acids and their salts, titratable acid neutraliza-
tion determined with an alkaline solution (usually 0.1 N NaOH). Determination
of total acidity can be done by the following methods: by potentiometric titra-
tion method or electro titrimetric: the titration method in the presence of indi-
cators such as phenolphthalein and bromothymol blue, which are inserted into
the glass titration instead of phenol red by drops. The result can be expressed
conventionally prevailing in the product acid (malic acid, tartaric acid or citric
acid). The concentration of organic acids in fruits is important, because they in-
fluence the organoleptic properties of fruit juices particularly as regards flavour,

colour and aroma. The content of organic acids in fruit juices not only influ-
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ences organoleptic properties but also their stability, nutrition, acceptability and
quality. Organic acids in fruits are effective not only in several physiological
processes such as taste formation, maturation and are of great importance in
human health, also [17] [18]. The ratio of organic acids and sugars reveals the
ripening status of the fruit. Organic acids block the effects of heavy metal ions
on catalyzing oxidation by constructing complexes with them [18]. Several
chromatographic methods have been developed for identifying and quantifying
individually organic acids in different matrixes. [19] used liquid chromatogra-
phy coupled to tandem-mass spectrometry (LC-MS/MS) with triple quadrupole
in selective reaction monitoring mode to determine organic acids (glutamic, tar-
taric, quinic, malonic, malic, shikimic, a-ketoglutaric, pyruvic, citric, succinic
and fumaric acids) in fruits including berries, also. [20] identified and quantified
organic acid content of several berries by HPLC technique coupled with UV de-

tector.

2.3. Total Phenolic Compounds

Berries are rich in the phenolic compounds (phenolic acids, polyphenols and
flavonoids) and are gaining increasing attention because of their high antioxi-
dant activity [21]. Phenolic compounds might act as reducing substances,
blocking free radicals, chelating metal ions, inhibitors of oxidation reaction, in-
hibitors of the activity of enzymes contributing to free radical creation. In addi-
tion, they may reduce reactive oxygen species to more stable forms [22]. To de-
termine the total phenolic content, the most used method is the method of Folin
Ciocalteu by spectrophotometric method. The standard calibration curve was

plotted using gallic acid at concentrations of 0.02 - 0.1 mg-ml™ [23].

2.4. Total Anthocyanins

Anthocyanins are water-soluble plant secondary metabolites consisting of one or
more aromatic rings with different degrees of hydroxylation, methoxylation and
glycosylation, contributing to fruit colour. Anthocyanins are of great interest to
the food industry and can be used as food colourant from natural sources as a
promising alternative to synthetic colourants. Berries are commonly red, purple
and black colors and among them blackberry, mulberry, blueberry, raspberry
fruits are rich in anthocyanin compounds [24] [25].

The total anthocyanin content (TAC) in the berry fruit extracts is usually di-
rectly determined using the pH-differential method. The extracts for TAC anal-
ysis were prepared using the method described for quantification of total poly-
phenols. Anthocyanins demonstrate maximum absorbance at 515 nm at pH 1.0
and also at 700 nm at pH 4.5.

2.5. Total Antioxidant Capacity

Since berries are rich in antioxidants, which are effective for eliminating free

radicals and reactive oxygen species that are, in most cases, the cause of chronic
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diseases. That is the reason nutraceuticals and functional foods have become
very fashionable for people who want to ensure maximum health benefits from
food [26].

The determination of the antioxidant capacity of berries can be performed by
different methods such as DPPH radical scavenging activity, Ferric reducing anti-
oxidant power (FRAP), TPTZ (2,4,6-tripyridyl-S-triazine) complex to its ferrous
form (Fe?*). Hydroxyl radical scavenging activity (OH; HOSC), Oxygen radical
absorbance capacity (ORAC), free radical capture (ABTS), Nitric oxide-scavenging
activity (NO).

2.6. Color

The surface or external color of berries has a great influence on the consumer’s
preference and is an excellent indicator and is the first sensation that the con-
sumer perceives and uses as a tool to either accept or reject food [27].

Colour can be correlated with other quality attributes such as sensory, nutri-
tional and visual or non-visual defects and helps to control them immediately
[28] [29]. Food appearance determined mostly by surface colour. Visual ap-
pearance of the food manifested as its colour has a strong influence on a con-
sumer’s opinion about the food quality [30] [31]. The fruit colour of berries can
be measured as lightness (L*), redness (a*) and yellowness (b*) by Minolta
Computer vision (CV) is a nondestructive technology used for acquiring and
analyzing digital images to obtain information of heterogeneous products. It has
been regarded as a valuable simple and fast tool which helps to improve the au-
tomatic assessment of food quality. CV has been recently used in the food in-
dustry for quality and color evaluation, detection of defects, grading and sorting

of berry fruits, among other applications [32].

2.7. Phenolics

Phenolic compounds are widely distributed in such plants where they act as at-
tractants for certain insects, as free radical scavengers, and in defence against ul-
traviolet radiation, pathogens and predators [6] [33]. Recently, chromatographic
techniques such as high-performance liquid chromatography (HPLC), HPLC
elec-trospray ionization mass spectrometry (HPLC-ESI/MS), gas chromatogra-
phy-mass spectrometry (GC/MS), capillary electrophoresis (CE), and near-infrared
(NIR) spectroscopy techniques are developed for identification, separation, and
quantification of phenolics [34].

HPLC-ESI/MS is used to increase the range of phenolic compounds detected
in a sample and to improve sensitivity as compared with standard chromato-
graphic methods. HPLC-ESI/MS is a robust and selective quantification method
that is effective at measuring the complex array of phenolics typically found in
fruits and vegetables. Mass spectrometry methods can be performed on a variety
of instruments including electrospray ionization ion trap instruments (HPLC-
ESI-ITMS) triple quadrupole instruments (HPLC-ESI-QQQ-MS/MS), and
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time-of flight instruments (HPLC-ESI-TOF/MS) [35].

2.8. Aroma

Identification of key volatile flavor metabolites provides the principal sensory
identity and characteristic flavor of the fruit. Volatile compounds such as esters,
ketones, aldehydes, terpenes, alcohols, furanones, and sulfur compounds are
important quality attribute of strawberry. The volatile components of strawberry
fruits vary according to genotypes or cultivars and growth and agronomic con-
ditions [36].

With the fast development of science and technology especially the applica-
tion of GC-MS and other analytical apparatus, progress in aroma research has
been made in several fields [37]. Several analytical methods have been developed
for the extraction and determination of strawberry aroma compounds. Solid
Phase Micro Extraction (SPME) consists of a fused-silica fibre coated with a po-
lymeric stationary phase which is introduced into a liquid or gas sample. The
method involves two processes: the partitioning of the analytes between the
coating and the sample and the thermal desorption of the analytes into the gas
chromatograph [38]. Another extraction method known as liquid-liquid extrac-
tion (LLE) is certainly one of the most frequently reported methods in the lite-
rature for the isolation of volatile compounds in fruits. Nevertheless, because
LLE requires large amounts of high-purity solvents, this technique is relatively
tedious and time-consuming. Furthermore, extracts often have to be concen-
trated hundreds of times, and loss of analytes and artifact formation, due to ele-
vated temperatures, during the concentration step are generally observed [39].
In this experiment, two different extraction methods HS-SPME (Headspace-
solid phase micro extraction) and liquid-liquid extraction were used to identify
Turkish domestic strawberry genotypes using various extraction techniques by
GC/MS [40].

3. Conclusion

As a conclusion, analysis methods of fruit quality parameters are important and
the results can be changed based on the utilized techniques that were applied.
Fruit quality of berry fruits varies depending on the genotypes or cultivars and
cultivation techniques, applications and agronomic conditions. Since their
health benefits properties berries should take a place in daily meal in people as a

functional food.
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