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ABSTRACT

The existing grading evaluation system of Caryahagénsis is not suitable for the development ofy&ar
cathayensis market in China. In this paper, a neading standard and evaluation system (GSES) ipgsed for
Carya cathayensis classification problem baseduaz fules. The proposed scheme consists of threks lenamely,
target layer, factor evaluation layer and furthexfinement layer. Finally, the proposed method igliad into the
evaluation for Carya cathayensis of three differbréinds, and the results are satisfactory. Compangith the
conventional method, the proposed scheme is effeatid reasonable for the evaluation of Carya ca¢imsis.

Keywords. Carya cathayensjs Classification; Fuzzy comprehensive evaluatiorgriéulture product quality
grading (APQG)

INTRODCUTION

Carya Nutt is one of the most popular nuts, whielohgs to walnut carya of juglandaceae. It contaBispecies
and 3 varietas, and is mainly distributed in ASiarope and America. In those species, there existspecies with
features of high economic value and artificial imaltion, namely, Carya illinoensis from North Aneaiand Carya
cathayensis from China. Carya cathayensis shoviagre 1 is one of the oldest relic species, wiginly comes
from the Mountain Tianmu district between Anhui atteejiang. As an important trees of nuts and wobdGarya
cathayensis can be used as the source of fragtaahd can reduce blood lipoid, nourish lung, nevand cure the
heart and cerebral vascular diseases. Its pulplisi@us, and contains rich minerals, about 7-9%tgins, and 17
kinds of amino acids (including 7 kind of human pa@ssential amino acids) [1-2].

Fig. 1. Carya cathayensis

There are a great variety of processed producBaofa cathayensis, such as spiced salt, spicegingreand crisp.
There is also a series of foods made from Cary#agansis, such as cakes, candies and chocolates. t§e 1990s,
Carya cathayensis and its kernel in small packames tbeen assigned for aviation catering by manyestim
airlines, and have been sold in international matkelowever, Classification of Carya cathayensi$ atiopt
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national quality grade standard of 1987 and 1988dedin China, which is not suitable for expansioinproducts
export, improvement of market efficiency, and simstale development of Carya cathayensis industryf8lthis
paper, a new grading standard and evaluation sy$§&8ES) is proposed for Carya cathayensis claatiic
problem.

The remainder of this paper is organized as follo@sction 2 introduces the current developmentasdn,
discusses the insufficiency of Carya cathayensiE$&%nd proposes a new grading standard and eealsgstem.
Section 3 presents model checking and resultsli¥i@aconclusion is given in Section 4.

EXPERIMENTAL SECTION

2.1 Materials
According to the most popular brand of Lin'an Caopathayensis (2008), we select three brand prodoicts
“Donglin”, “Linjia”, “Longjing”, and 0.5 kg of eaclsample is used to analyze.

2.2 Instrumentsand tools

Vernier caliper: Mitutoyo-530

Electronic balance: Ab204-NMettler Toledo .

Automatic azotometer{ kjeltec2300 .

Electric heating air-blowing drier : LDHG-9140ANingbo)

2.3 Methods
To determine the nutritional composition, sensgfyysical and chemical indicators, We adopt the foaatl
methods in[4-6].

2.4 PRESENT CONDITION OF CARYA CATHAYENSISGSES

Agricultural modernization depends heavily on amiagtural products market, which can efficientljloaate
various resource factors. As the base of agriallforoducts market, agriculture product qualitydiing can reduce
transaction costs of agricultural products, impromarket efficiency, promote technology innovation.

Agriculture product quality grading (APQG) is gealdy divided into grade classification and sizessification,
involving many physical and chemical indicators[The grade grading refers to excellent, good, nmadipass,
substandard, etc., and its evaluation indicatofsr ® surface color, luster, internal sugar coptewidity, flesh
firmness, nutrition and trace elements, kernel,ratdernal damage, internal defects, grotesque, &he size
grading refers to diameter, length, thickness, tegmd other evaluation sites.

The quality grading of Carya cathayensis referslassifying products into different quality gradescording to its
quality standards. Now, Carya cathayensis in Climearkets mostly transacts business by mixed-goadey
manual rough classification. Naturally, it is diffilt to improve the commercialization of produatsl 4o increase its
industrial added value. In addition, the disadvgesacaused by manual classification, such as tometaning,
inefficient, low accuracy and poor consistency, affact the sequent product processing [8].

Under the background of promoting agricultural nodsation and increasing farmers’ production ancomes,

promote the level of APQG. For example, “High yi@fiwalnut and quality of nuts (No. GB 7907-198&yid
“Carya cathayensis quality grade (No. GBT 203986)00vere issued in 1987 and 2006, respectively[R-With
the development of cultivation and processing tepn of Carya cathayensis, and the appearancevof/ageties
and export growth, there exist some disadvantageke old national standards, such as unreasotiratds and
basis of grading, and low acceptability of mark&tisese standards are antiquated and unsuitabted@ustainable
development of Carya cathayensis industry, andssly impede classification functions. Thus, thates quality
grading should be revised and modified[12]. (He@®0bok Carya cathayensis side size as classificatidex to
develop walnut grading rules. (Lat,al2010.1) analyzed characteristics of Carya cattggen Lin'an district, and
proposed a new grading standard by adding a rossdnédex into the original national standards tshigable for
the current practices of products[13]. (letial2010.2) adopted a camera to acquire digital images applied a
mathematical morphology method to extract the festguch as diameter, fruit length and size[14-A8¢ording to
the size of Carya cathayensis, a mathematical gepmedel was established. And a comprehensiveuatiah
system was established by giving different weigbtshese features according to farmer’s experiehicavever,
these studies are based on the principles of tistirex classification standards, the relevant usér@asaction cost
reduction, and maintaining some continuity. Themefahe current APQG places great emphasis ompjisaance
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standards, and the classification is mainly refldcit the circulation of agricultural products, Is&s the needs of
packaging, transport and storage. It lacks a syintbensideration.

In short, the current grade criteria are mostlylitatéve rather than quantitative. Therefore, thality difference is
very large even though among the same grade pawdng to their different origins. Such case causasily

confusion or misunderstanding for consumers. AP@pay a certain role in the aspects of reduatifodiversity

and transaction costs. However, some aspects,agustientificity of grading criteria, grading suppservices, and
the actual combination degree among grading aviterproduction, circulation and sales, need to imhér

strengthened. There are a series of problems tsobeed, such as oversimplified and fuzzificatioack of

guantitative indexes, lack of understanding of agdeptic indexes, physiochemical indexes and héadtbxes, lack
of maneuverability and lagged update of gradedxese

25 GRADING STANDARDS AND COMPREHENSIVE EVALUATION SYSTEM OF CRAYA
CATHAYENSIS

A complete product quality classification systerowdld include quality grades, quality standards liuanspection,
and quality certification. APQG and its differemiteria are the foundation of the classificatiorueDto the quality
indexes including size, chromaticness, saturapiatgte, kernel ratio, nucleolus fat content andginocontent, we
should consider the above factors when formulagirsgientific, normative and effective grading ewdilon system
of Carya cathayensis, which should follow the folation principle of sciences, practicality, easyergiing,
diversification and guidance. The system is divided three levels, the first level is a targetdgythe second level
is a factor evaluation layer including main fackayer and sub factor layer, and the sub factorrlég¢aken into
account the different needs of production, sale @ncllation, which consists of several parts sashsensory
evaluation, physical and chemical evaluation; thiedtlevel is a further refinement for the secorsel, and the
weights or grades are given according to the almestioned quality indexes. According to the abasenilation
principles, a new quality evaluation system of @acgthayensis is proposed based on fuzzy ruldsoamsin Table
1.

Table 1: Quality evaluation system of Carya cathayensis based on fuzzy rules

Target layer Main factor layer Sub factor layer Bhle level factor layer(range)
Light yellow or light amber color
dark yellow
dark brown
dark
Side diameter<16.8mm(Sutures short axis)
Side diameter: 19mm+2mm
Side diameter: 21mm+2mm
Side diameter >23mm
>57.1 (percentage
53.5+3.5
46.4+3.5
<42.8
0.56-0.62 (Millimeters, the same below
0.63-0.72
0.73-0.84
0.95
Fuzzy Rules-Based Index Comprehensive 5.0 (g, the same below

Evaluation System for Carya cathayensis N
y y y quality ig gg

1.6

71.5 (percentage
61.0-71.0
50.0-60.0

49.5

28.5 (percentage
23.5-28.4
19.3-23.4

19.2

color

size

Sensory Index

kernel rate

Shell thickness

Physiochemical Index nucleolus fat content

protein content

2.6 Determination of Weights and Fuzzy Membership Functions System of Quality index evaluation for

Carya cathayensis

Quality index evaluation of Carya cathayensis sthagnsider the indexes of organoleptic, palate sjgithemical
and sanitation safety, of which sanitation safeiyex is selected as the basic evaluation indexsi@ering its
national compulsory standardization, the sanitatiafety index is not taken into account in this kvdn addition,
the palate index is not taken into account owingsteariety with different individuals.
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(1) Main factor level selY is divided into two groups, namely

U, :{ul’UZ}, U, :{u3’u4""u7}

(2)Setting a judgment seY = {Vl’V2 ’V3’V4}.

where Vi (= l""4) represent super,1th level,2th level and 3th |espectively.

(3) Determination of Judgment matrix

To obtain the index values of organoleptic and pofemical by adopting the proposed method in[EBEtly, the

membership values of single-factor are gained. Thendetermine the index value of evaluation ingame under
the hierarchy of AHP[16-17]. To determine the maby pair-wise comparison method for the relativgportance,
we give the weight value of a combination for fastaccording to the expert experiences. Finallycare obtain the
priority of the layer of main factors.

Weights of the main factor Layer is drawn from expexperiences according to the importance of tlenm
elements in grading evaluation.

Determination of the judgment matrb® and B, (I = l2) uses the following procedure: firstly, the pasevi
comparison of their importance is conducted acogrdio different expert experiences; then, the wisigire
determined by solving the characteristic valuealfin the matrix elements are given by using stasda9 scale
method.

According to the above procedure, the judgmentigegtrare given as follows:

1 L 1
A =

, 3 1)
and

1 0143 033 0.2 1 5 3
gio|7 1 s s | B2=|02 1 0.33 )

3 033 1 033

5 0.2 3 1 033 3 1

2.7 Member ship functionsfor quality indexes evaluation of Carya cathayensis

According to the statistical results of six econompiroperties (i.e. nuts diameter, average fruitghgi shell
thickness, kernel ratio, nucleolus fat content pratein content) for 803 kinds of Carya cathayensésle by GUO
Bao-lin, the fuzzy membership functions of eachidaare given as follows:

Membership Function of Size:

0 X1 s &
X, - a
C( Xl) = 4 a;= X1 < a, (3)
a, - a,
1 X122,

where & = 16'80,a2 = 2300, respectively.

Membership Function of Shell Thickness:

1 X2 S @,
- a
Cl x,) = 1_/;2_7; a;=< X, < a; (4)
2 1
0 X2 2 @,

where & = 062 and % = 126, respectively.

Membership Function of Quality:

0 X, < a,
-a
C()(a): ;Ygfal a; < Xs = a, (5)
2 1
1 X3 2 @,
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where & = 230 and % = 3'70, respectively.

Membership Function of Kernel rate:

0 X4 = 8y
X, - a
Cl x.4) = ﬁ a,< Y. < a, (6)
2 1
1 X4 2 8,

where a = 4280 and a = 5320

, respectively.

Membership Function of Nucleolus Fat Content:

0 Xs S A
Xy -a
Clxs) = as_al a,;< Xs < a, (7)
2 1
1 X5z a,

where a = 6550 and & = 4950, respectively.

Membership Function of Protein Content:

0 Xe S A,
Xg - @
Cl xs) = ﬁ a,;= Xe < &, (8)
2 1
1 Xeza,

where a = 2850 and & = 1920, respectively.

2.8 Total Sequencing Level and Consistency Checking
(1)Hierarchy single sorting and Consistency Check

%8y

From the above mentioned, the gained judgment restmaybe cause some problems, for exam%l’e, Ik
To avoid such case, we should make a consisteregkch

The eigenvectorAW, which corresponds to the maximum (absolute vadiggnvalue of the judgment matrix A,

is calculated in the proceeding of Hierarchy sirggeting. To gain the WeighwI , the column of judgment matrix

_ _ A=(a; :
A or B should be normalized. For ease of presentatiortake ( 'J)“xm for an example. After A being
'=la'.
normalized, we get U/mm  given as:
a11 alm
A= (9)

anl anm
n n
2 an 2 an
=1 i=1

Then the WeightWi is given as:

w=>aj,i=12..,m, (10)
=1

According to the values of Table 1, the eigenveoforAW is given as:

AW = (025075 (11)

Then AW corresponds to/imax , given as:
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no(AW ),
Apax =N, (AW ), 1 995 (12)
=1 nwy
So, random consistency is entirely consistent.Hgysame token, other parameters are given as fllow
BW 1= (0.06,0.58,0.13,0.23), C, =Amn“71'"/R=s 0.1 (13)
A - N -
BW 2 = (0.64,0.10.0.26) C, = “™—— /R = 008 < 0.1 (14)

(2) Total ranking and its consistency test
Total ranking:

006 058 013 0.23 0 0 0
(0.25,0.75)
0 0 0 0 0.64 010 0.26 (15)
= (0015 ,0.145 ,0.033 ,0.058 ,0.480 ,0.075 ,0.195 )
Consistency index:
= 0.06 < 0.1 (16)

So, we can get Carya cathayensis quality evaluagisults.
RESULTSAND DISCUSSION

The results of each sample are shown in Table 2.

Table 2: Values of variousindexes

indexSize (mm) kernel rate(%) Shell thicknesstmm) Quality (g) nucleolus fat content (%) protein content(%)

Xgﬁgs AVG STD AVG STD AVG STD AVG STD AVG STD AVG STD
DongLin  22.431.1400.520 0.031  0.8653 0.200 3.403 0.20818 0.008 25.8 0.249
LongJing  22.511.4290.487 0.053 0.7040 0.193 3.361 0.40.834 0.009 22.8 10.6
Linkang  22.751.3400.509 0.047 0.700 0.17 3.565 0.30&37 0.004 27.3 5.13

And the scores of every index are shown in Table 3.

Table 3: Results of every index

0, 0,

Sf:rzg Size (mm) kernel rate(%) Shell thicknesstmm) Quiality (g nucleolus fat content (%) protein content(%) total score
DongLin  0.908 0.885 0.617 0.714 0.769 0.709 0.746
LongJing 0.921 0.567 0.865 0.686 0.869 0.387 0.738
Linkang 0.960 0.779 0.875 0.832 0.868 0.871 0.883

We set the total score over 0.85 for premium, 0r7ldvel 1, 0.6 for level 2 , 0.5 for level 3. Théare, we can be
drawn conclusion from the table, The sample of “§ldn” is premium, the sample of “LongJing” and “IKang”
are level 1, the conclusion isn’t same of theitiagial methods.

Compared with the existing grading standards ofy€anathayensis, the fuzzy hierarchical classifieatmethod
takes into account the impact of sensory, chendadl other walnut grading weights. Which is beteftect the
quality of walnut quality, It is more effective antbre reasonable evaluation method.

CONCLUSION

The current evaluation standards of Carya cathaydvae been put into practice for more ten yeldmswever,
along with the development of cultivation and psteg technology, new varieties continue to comg these
standards in certain ways are not suitable, andildhbe revised and adjusted. This paper proposesva
classification method based on the fuzz rules. pioposed method takes fully into account the cohmgmsive
characteristics, and it is more scientific and &ffe. Finally, the proposed method is applied itit® evaluation of
Carya cathayensis. From the experimental restitsetdifferent brands can be graded and evaluatetithe results
are satisfactory. Maybe it can provide anotheratiffe method for evaluation of Carya cathayensis.
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