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Suitability Evaluation of Different Hazelnut Varieties for Hazelnut Milk Production

ZHOU Qunxing, HU Hao, LYU Chunmao’, MENG Xianjun, YU Yangqi
(College of Food Science, Shenyang Agricultural University, Shenyang 110000, China)

Abstract: To obtain high-quality hazelnut milk through the efficient utilization of hazelnuts, a total of 21 hazelnut
samples were collected from four main cultivation areas (north, central, south, arid, and semi-arid regions) and processed into
hazelnut milk using standard processes and procedures. Three index types were determined (sensory, physicochemical and
nutritional, and processing quality indices) and five core hazelnut milk indicators were selected by correlation and principal
component analysis: b*, soluble solids, centrifugal precipitation rate, fats, and proteins. An analytical hierarchy process
determined that the weights of these core indicators, which were 7.198%, 10.916%, 14.271%, 27.657%, and 39.959%,
respectively. Based on these results, a comprehensive hazelnut milk quality evaluation model was established, and based on
the comprehensive quality scores, optimal data segmentation was achieved using cluster analysis. Sample no. 17 (Liaozhen
no. 9 from Anhui in southern China) ranked first, with a comprehensive score of 0.92. Liaozhen no. 3 from the north also
showed good performance and is recommended for hazelnut milk production. Hazelnuts grown in arid cultivation areas
showed poor performances, and they should be considered for further processing to produce other hazelnut products. These
results provide a reference for raw material selection and hazelnut cultivation for future hazelnut milk production.

Key words: hazelnut; plant-based protein beverage; correlation analysis; principal component analysis; processing
suitability evaluation
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Table 1 Details of hazelnut samples
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Fig.1 21 hazelnuts experiment materials
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Table 2 Distribution of measured values of each index of hazelnut milk

A RAME R MM PR AAEE RRAK/Y%

X, 6471 7224 67.77 6781 1.74 2.57
X, -138 -085 -1.13 -1.16 0.15 13.54
X, -0.83  3.18 1.32 1.38 0.81 61.53
X, 654 700 6.71 6.71 0.12 1.77
Xs 690 880  7.73 7.73 0.53 6.88
Xs 13.6 207 16.4 15.9 1.80 11.03
X, 82.00 9733 90.20 92.70 5.10 5.65
Xg  89.17 98.89 9333 9437 285 3.06
X, 5835 70.14 62.66 6239 223 3.55
X, 050  0.88 0.68 0.68 0.11 16.22
X, 101 1.56 1.32 1.33 0.14 10.70

X, 127 780 291 237 176 60.42
X, 1.04 216 144 134 028 19.60

E: X LA, X,:d fH, Xy: b {A, X,: pH 14,
X THEEBRBY, X0 BOEE (%), X,: Hu&EF
(%), Xe: #FAE (%), Xo: BHRE (%), X,,: &8
B (/100 mL), X, : JE#F (g/100 mL), X,,: F¥Hksz
(pm), X;: 45% (mPas), TFFR.
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Fig.2 Hazelnut milk
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Fig.3 Heat map of correlation analysis of hazelnut milk index
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Table 3 Eigenvalue and cumulative contribution of evaluation factors

e AF AR RIBEAT-F 7 A=

P L. L.

A % it Zii)%ﬁ% Bt ;ié)%ﬁm
1 766 5891 5891 7.69 5891 5891
2 178 1367 7258 178 13.67  72.58
30122 942 8200 122 942 82.00
4 08 671 8871

5 063 487  93.58

6 041 319 9677

7019 147  98.24

§ 012 089  99.13

9 006 042  99.55

10 003 023  99.78

11002 014  99.93

12001 004 9997

13000 003 100

RHIEAR
S = N W A Lo O

4 5 6 7 8 9

10 11 12 13

B4 #mAE
Fig.4 Scree plot

SR e, AR E A AR LM
BTk, AT ERE MR RR S % T
JRI> Z B ZR o SRR, R EAXHZ o i
FEUR 40 BV SR AR 1 07 I R 05 - FhAr A
BAURTHBSLNE . A — IR R A, S
THT=A TR T E R =4Em & (8 5).
® 4 EHSETFHEERE

Table 4 Principal component factor loading matrix
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X, 0.37 0.01 0.60
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Table 5 Ideal value and core evaluation index standardized processing results

Hehy X, X X, Xy Xy Hahs X, X X, Xio X,
X, A 3.18 7.73 13.6 0.88 1.56 11 0.36 0.53 0.82 0.65 0.77
1 0.73 0.50 0.70 0.52 0.63 12 0.53 0.01 0.85 0.94 0.91
2 0.00 1.00 1.00 0.97 0.96 13 0.67 0.63 0.61 0.32 0.40
3 0.39 0.94 0.67 0.48 0.61 14 0.54 0.42 0.48 0.63 0.55
4 0.65 1.00 0.68 0.48 0.63 15 1.00 0.75 0.15 0.05 0.21
5 0.57 0.79 0.76 0.65 0.77 16 0.47 0.54 0.44 0.19 0.37
6 0.55 0.04 0.75 0.63 0.76 17 0.35 0.73 1.00 1.00 0.99
7 0.52 0.50 0.33 0.17 0.35 18 0.26 0.76 0.00 0.00 0.00
8 0.56 0.33 0.62 0.35 0.41 19 0.56 0.23 0.48 0.31 0.39
9 0.73 0.87 0.31 0.09 0.27 20 0.72 0.85 0.67 0.46 0.58
10 0.52 0.81 0.67 0.43 0.55 21 0.57 0.60 0.72 0.62 0.74

&6 RRAMA BRI LE
Table 6 Analytic hierarchy process and consistency test results

i B b TEEBHY BERE M EOR RAEE RE (W)

b 1 1/2 172 1/3 1/5 0.360 0.071 98

T B T 4 2 1 172 1/3 1/3 0.546 0.109 16

BSILIE R 2 2 1 1/3 1/3 0.714 0.142 71
R& W7 3 3 1 172 1.383 0.276 57
Eak 5 3 2 1 1.998 0.399 59

Amax=5.141, CI=(umax-n)/(n-1)=0.035, RI=1.120, CR=CI/RI=0.032<0.1
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Table 7 Comprehensive quality score and ranking of hazelnut milk 120 é IIO 1'5 2'0 2'5
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7 0.30 18 18 0.10 21
8 0.42 15 19 0.37 16
9 0.30 19 20 0.58 11
10 0.55 13 21 0.66 6
11 0.67 5
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Fig.6 Cluster analysis tree graph
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Table 8 Classification of processing suitability of hazelnut samples
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