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On-line detection of soluble solids content of apples from different

origins by visible and near-infrared spectroscopy
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Abstract: In order to realize fast, on-line, non-destructive testing of the Soluble Solids Content (SSC) of
apples from different origins, and to reduce the effect of origin variability on NIR models, a universal model
for predicting the SSC of apples from different origins is established. Firstly, the diffuse transmission spectra
of Fuji apples from Qixia, Luochuan and Huining are collected with fruit dynamic online detection equip-

ment. Then, 58 characteristic variables are selected and a UVE-PLS universal model for predicting the SSC
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of apples is established using the Partial Least Squares (PLS) algorithm combined with Uninformative Vari-
able Elimination (UVE). The root mean square errors of single-origin prediction sets and the total-origin pre-
diction set are 0.50~0.74° Brix and 0.63° Brix, respectively, which increase by 23.2%~44.4% and 35.7% re-
spectively compared to the original individual model. Finally, a new external sample set is used to assess the
performance of the model, showing a residual prediction deviation of 2.33 and ratios of the predicted values
within the error range of +1.0° Brix and £1.5° Brix of 85% and 100%, respectively. Experimental results in-
dicate that the establishment of a universal model for on-line detection of the SSC of apples, including those
from multiple origins can improve the robustness of predicting the SSC of the samples from other origins.
The results also show that an appropriate wavelength screening method can simplify the model. The develop-
ment of a common model for the internal quality of fruit from different origins has strong potential for applic-

ations in wavelength-limited spectroscopy equipment.

Key words: online detection; near infrared spectroscopy; soluble solids; partial least squares
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Tab.3 Prediction results of Fuji apples from different origins
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Fig. 6 Scatter plots of measured values versus predicted values for SSC by using UVE-PLS universal model

Xt He 3R 3 A S B w] A, A T At 7
T AL REAS I, AR T DR B 7 A TE AR AR,

UVE-PLS 18 JH] 1 7 f) RMSEP ¥4 45 fif F A1, 5
& B R A A 45 2R (090, 0.82, 1.24 5
0.98°Brix) #H L, 10K B 20 S48 = T 44.4%,
23.2%, 40.3% 5 35.7%.

3.5 SMERIENIE

ASCHEH T — D H AL R R BIE UVE-
PLS J7% At 3k A5 ) SSC A1 A sE PR . M 24
HUBETTIASE T 30 PR, ﬁjﬂ\?ﬂi&% 104~ £
BEASER F RS I0 5, TERE S A0 R Ak B
Mlbric, [ FREY 1800, X BiEA R 46 1E 15



3 XI| e f A AN [R] P b S LR R ] LT 21 A G FE 2R AG 489
SSC HAE G, AR Fh FE A T 50IE, B4~ 5 8 T4 22 S £1.0°Brix ) 43 F 28, 11 2% i 2140, 512 48

FEAR IR 2281 T4 5.

&5 UVE-PLS #2E @ M&RERISEFRIERE
Tab.5 The practical performance of UVE-PLS univer-

sal model for SSC
RMSEP/(°Brix) RPD
Wi Sl =T 2 B
0.67 0.51 0.72 0.64 2.33

Hi 3% 5 AL, XA AR rh A = ) SSC

HEAFFSUN, H: RMSEP {E 4 0.51~0.72°Brix, 1M & 7

CR L LA PR W) i 7R 7 SSC TR INAEL 5 0 2
(ELZ ] A A8 5% DR 25BN A A 1

18 —
n=60 <.

= 78 Re=081

@ 16] RMSEP=0.64Brix_~-~

g 15f

= 14k e s

sl 32

3131 LI SR

S 19l wpngde " = s

3 12 ,-

£ i I . {§J||
11fe P
10 i L

10 11 12 13 14 15 16 17 18
Measured value/(°Brix)

7 R A T A R
Fig. 7 Scatter plot of measured value versus predicted

value of SSC for a new external sample set

wmE 7 s, ST RAEA LAY SSC i, H
R2F1 RMSEP 4351 >4 0.81 Fl 0.64°Brix. H[A] (1)
BAATLN Bingk, B y=x, PI BB LTI

B 3CHk:

TR TR 2% F+1.5°Brix 53 Fidk . Geabita,
TE+1.0°BrixA1+1.5°Brix fi 22 7 [ N 18 T (E 5

b3 50 85% 5 100%, 1fii RPD 4 2.33, (A, fifi
FH UVE-PLS J5 £ 57 (1438 FHAE AU B 36 HIF SSC
) 2 A

4 % i

AR5 R F 2 JU BN RS IE %, AN T
HE 7= AR SRS R s 25 52 . B HWE A
ARSI A P[] — 7= b B4R Fof S 7 R A ) T
455 RMSEP 4 0.41~0.51°Brix, {H 24 i 4 05
HoAth = iy B, A SRR 23, RMSEP 5, 4
0.98~1.30°Brix, & H PLS [a[A & s 57 T A
7R SE L A S R, 255 UVE J7 ik i ik
58 AR I A AR o, R DR UIE 5 IUDRG B % S A
|, faifk TR, H: RMSEP 4 0.63°Brix., 52—
FE IR TEAR A e, UVE-PLS 3 FHAR Y 7E 7500 45
A7 HOBE B I, SROIAR B R AR T, R & T 2
A= A8 Sl 2 B R, SRUIRS X A DR 2R
(A FI AR A ARG AR 2, UK, (A4 IE AR X oA
KW AS AL hnAs e . AhER SR UESS R R W], UVE-
PLS 3l AR RIS 3 = S M 2 B )
TGE T o SEEREE SRR, AR B AL AT %
£ T LU F I & A 5] 7= b 3 S A0 i AR 7R 7R S
WFFE A 7K SRR AN T AL 7, BRAR T 2 b
JEE A3 PRI G 2 4 AR, o K SRR R A A R
HAHRSE L.

[1]

GIOVANELLI G, SINELLI N, BEGHI R, et al.. NIR spectroscopy for the optimization of postharvest apple
management[J]. Postharvest Biology and Technology, 2014, 87: 13-20.

FAN SH X, ZHANG B H, LI J B, et al.. Effect of spectrum measurement position variation on the robustness of NIR
spectroscopy models for soluble solids content of apple[J]. Biosystems Engineering, 2016, 143: 9-19.

MENDOZA F, LU R F, ARIANA D, ef al.. Integrated spectral and image analysis of hyperspectral scattering data for
prediction of apple fruit firmness and soluble solids content[J]. Postharvest Biology and Technology, 2011, 62(2): 149-

[2]
(3]
160.
(4] &t 27

e, E R, F O ETIAIDEEN ARG A ZCE B BT N RIR & & Oy ik ], 542,
2019, 47(6): 941-949.
GAO SH, WANG Q H, LI Q X, et al.. Non-destructive detection of vitamin c, sugar content and total acidity of red

globe grape based on near-infrared spectroscopy[J]. Chinese Journal of Analytical Chemistry, 2019, 47( 6) : 941-


https://doi.org/10.1016/j.postharvbio.2013.07.041
https://doi.org/10.1016/j.biosystemseng.2015.12.012

490

A 513 %

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

949. (in Chinese)

LA, FHce, 0 L. ZIUKIEARL BT AR HE RSN LT]. 24745, 2019, 47(4): 479-487.

SHIY Y, LIJ Y, CHU X L. Progress and applications of multivariate calibration model transfer methods[J]. Chinese
Journal of Analytical Chemistry, 2019, 47(4): 479-487. (in Chinese)

IR, FARE, B E R, F. T 0] WAL LLAMNE S O6HE 097 A £1 R & ORI 7 s piE e L. 247 4L 5, 2018,
46(9): 1424-1431.

WANG F, LI Y Y, PENG Y K, ef al.. Nondestructive determination of lycopene content based on visible/near infrared
transmission spectrum[J]. Chinese Journal of Analytical Chemistry, 2018, 46(9): 1424-1431. (in Chinese)

S 6EN, R G, SRR, A T IRAE [ i RS i BRI LA AR B e 407 12 D). AT 4, 2019, 47(5):
652-660.

LU H X, XU M CH, ZHANG W D, et al.. Identification of citrus huanglongbing based on contractive auto-encoder
combined extreme learning manchine [J]. Chinese Journal of Analytical Chemistry, 2019, 47(5): 652-660. (in Chinese)
RN, E48 i, 5%, F . ALLLAMGTEEE G R ST AL IR A 10 ke bk (0], ok 5 4% %% T4z, 2013,
21(10): 2720-2727.

GUO W CH, WANG M H, GU J S, et al.. Identification of bruised kiwifruits during storage by near infrared
spectroscopy and extreme learning machine[J]. Optics and Precision Engineering, 2013, 21( 10) : 2720-2727. (in
Chinese)

FE, FXAF, HF R, F.HE BRI LR IR B R e (], 24740, 2014, 42(4):
513-518.

GUO ZH M, HUANG W Q, PENG Y K, ef al.. Adaptive ant colony optimization approach to characteristic wavelength
selection of NIR spectroscopy [J]. Chinese Journal of Analytical Chemistry, 2014, 42(4): 513-518. (in Chinese)
ZHANG B H, HUANG W Q, GONG L, et al.. Computer vision detection of defective apples using automatic lightness
correction and weighted RVM classifier[J]. Journal of Food Engineering, 2015, 146: 143-151.

ZHANG B H, DAI D J, HUANG J CH, et al.. Influence of physical and biological variability and solution methods in
fruit and vegetable quality nondestructive inspection by using imaging and near-infrared spectroscopy techniques: a
review [J]. Critical Reviews in Food Science and Nutrition, 2018, 58(12): 2099-2118.

B, S SUME, IRER, . SR LS S PR DR Y I 2D AN G A I LS A RIS [T, A4 5, 2015,
43(2):239-244.

FAN SH X, HUANG W Q, GUO ZH M, et al.. Assessment of influence of origin variability on robustness of near
infrared models for soluble solid content of apples[J]. Chinese Journal of Analytical Chemistry, 2015, 43(2): 239-
244. (in Chinese)

LI X N, HUANG J CH, XIONG Y J, ef al.. Determination of soluble solid content in multi-origin ‘Fuji’ apples by using
FT-NIR spectroscopy and an origin discriminant strategy [J1. Computers and Electronics in Agriculture, 2018, 155: 23-
31.

JANNOK P, KAMITANI Y, HIRONAKA K, ef al.. Development of a near infrared calibration model with temperature
compensation using common temperature-difference spectra for determining the Brix value of intact fruits[J]. Journal of
Near Infrared Spectroscopy, 2017, 25(1): 26-35.

¥, BEE, L7y K. PLEOGIESE G5 18] B (i fic/ — 3 F T IR AR 0 -E e (BE B3 (0], 4746 5, 2018,
46(4): 623-629.

WANG T, DAI L K, MA W W. Quantitative analysis of blended gasoline octane number using raman spectroscopy with
backward interval partial least squares method[J]. Chinese Journal of Analytical Chemistry, 2018, 46(4): 623-629. (in
Chinese)

X B, R, FIRER . AL A HA MR S S AR 77 ik o 695 50 M. bt AL H it 2016.

LIU C L, WU J ZH, SUN X R. Study on Near Infrared Spectroscopy in Food Quality Testing Methods[M]. Beijing:
China Machine Press, 2016. (in Chinese)

CHANG CH W, LAIRD D A, MAUSBACH M J, et al.. Near-infrared reflectance spectroscopy-principal components
regression analyses of soil properties [J]. Soil Science Society of America Journal, 2001, 65(2): 480-490.


https://doi.org/10.3788/OPE.20132110.2720
https://doi.org/10.1016/j.jfoodeng.2014.08.024
https://doi.org/10.1080/10408398.2017.1300789
https://doi.org/10.1016/j.compag.2018.10.003
https://doi.org/10.1177/0967033516678516
https://doi.org/10.1177/0967033516678516
https://doi.org/10.2136/sssaj2001.652480x

53 1 HFHEAE, S50 AN[R] ™ ST RORE L T WAL 2L Ah ' £8 2 ke Dl 491

[18] ZHANG D Y, XU L, WANG Q Y, et al.. The optimal local model selection for robust and fast evaluation of soluble
solid content in melon with thick peel and large size by Vis-NIR spectroscopy [J]. Food Analytical Methods, 2019,
12(1): 136-147.

[19] YUANL M, CAIJR, SUN L, ef al.. Nondestructive measurement of soluble solids content in apples by a portable fruit
analyzer [J]. Food Analytical Methods, 2016, 9(3): 785-794.

[20] YUN Y H, LI H D, DENG B CH, et al.. An overview of variable selection methods in multivariate analysis of near-
infrared spectra[J]. TrAC Trends in Analytical Chemistry, 2019, 113: 102-115.

(ENEME

XA (1967—), L, VLFG A M, i+, #87, 44 3 If, 1990 45, 2001 4F F VL FE AR MY K243 51
A2+ Bt 2E AL, 2006 4E T B R 2 AR A5 T 2 o, 3530 T B R I B R 528 4% 0 i (4 IF

2o

3% o E-mail: jxlinyd@163.com

Okt % 1)
—ELGUHT] (WESE; RERATE, BERAK)

(AAFR)AFTAHRFLE S A5 FEHFRRELFHEIMRSE HEFRITEER £ 56
FTEYEFLEEASEUFRER, BRAAEALT | BRED R PHBEAIERAF LT GehLoMk
FARA Y

(RAFIR) T 1980 F41 7], F T 1992 5, 1996 4, 2000 4F= 2004 &% &8 vy RAR( P LAz-© # 7] &
BEW)IFADEFELCHA, 5+ T 2000 FREHHEFAREEETF, BEAREESHA,
2000 S-3k F BAF A AR —F £, AT RFRBEACLEIR) ) (PRI M) Fo 77 77 K AE
BAKE AR, EEA(FFE L) (SA) § 1999 #., 2R F L) (CA) AR T (XL Hmi L)
(A]) g 2000 ; £ E{(AIHAF M 35) g 2002 4F; B A(FHE Lk 4R) (CBST, JICST) § 2003 4
B A A &% P 48 L 2008 SFR4% 71 2 “Elsevier Bibliographic Databases” #% % 4 7B 21F) ; 2010 4% £ B
“EI” # 52 AR AAF] . 2001 2B RARIAL G P BB 5 E" 62 F, CRRFIR) AT A WA
F17, 2002 F-3K B AL 1% 2001 ~2002 AL F A HE T T8, 2004 FAEA (P B 4R TR
B - PEAHEMERE), AAZFS . EEEX, 2R BAFTHE LAR G K RHK, &
IREE N R A, FRAFART A, ARSKRBEZFAGFRARTRS,

(A HRFH) B 2011 FHA AR, MDA, 144 |, BASATFAST. BAZN: 40 T, £ F 480
T, AR EMWAREITITH, (XRFR) KL KMEH . 5T AA R, WKEAS,

M oHb: KAETA WK 3888 5 ER%—TF]S: CN22-1116/04
CERIG ) Gt El Br4RAEF] S ISSN 1000-7032

HB % 130033 EREERS: 12-312

B iE: (0431)86176862, 84613407 E & ITHE . 4863BM

E-mail; fgxbt@ 126. com http . //www. fgxb. org


https://doi.org/10.1007/s12161-018-1346-3
https://doi.org/10.1007/s12161-015-0251-2
https://doi.org/10.1016/j.trac.2019.01.018

