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Evaluating Laboratory Performance on Polarization and
Color Tests of Sugar
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Abstract

The quality control system for sugar testing by analytical laboratories provides reliable test
results according to the standard method and indicates good quality of results. The Office of Cane
and Sugar Board mandated the act of government administration regulations, focusing on fairness
and maintaining benefits for the cane industry, sugar industry, and consumer. Analytical testing of
polarization and color of sugar is needed to identify the quality of refined sugar for both national
and international customers. Testing of polarization and color of sugar between laboratories plays
a significant role in the comparison of reliability of test results. This study, therefore, aims to
evaluate laboratory performance on testing of polarization and color of sugar. For laboratory
performance, refined sugar that had passed homogeneity and stability tests was used as the test
material. Participating 69 laboratories were requested to analyze polarization and color of refined
sugar. Laboratory analytical performance was statistically evaluated using the robust z score.

Laboratory performance (|z score| < 2) was found satisfactory for analyses of both polarization and
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color (64 out of 65 laboratories, 98.5 % ). The findings demonstrate good performance of

laboratories that conduct polarization and color tests of refined sugar from both government and

private companies, providing reliable quality of sugar. Output from this study could indicate a

reliable quality testing of refined sugar and provide a confidence for cane industry, sugar industry,

and consumer.

Keywords: evaluating laboratory performance; polarization; color of sugar
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anududoiientu nansnageusarnsUssiiu
WEReInIST 1A uay 1B
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Table 1A Homogeneity testing of polarization and color of sugar based on statistic in I1SO 13528:

2015 (11)
ANOVA* Between Sample | Target [Acceptance | Homogeneity
Testings | Means o
MSB | MSW Variation (s,) SD** (o) criteria Testing
Polarization Adequately
99.974 1 0.000 | 0.000 0.000 0.018 0.005
(°z) homogeneous
Color (1U) 259 1.8 0.1 0.9 2.5 0.8 Fail

*Output from one-way ANOVA analysis; MSB = mean square between group; MSW = mean square
within group; **Target (o) was calculated from RSDy, of polarization (0.018 %) and color (9.8 %)

from 10 and 9 rounds of previous studies, respectively

Table 1B Homogeneity testing with expanded criteria of color of sugar based on statistic in ISO

13528: 2015, B2.5(b) [11]

Between Sample 07 sliow - Expanded criteria | Homogeneity
Testing | Mean 5 N
Variation (s;) (0.3c,) S, < e Testing
Color Sufficiently
259 0.9 0.6 1.1 09<1.1
(V) homogeneous

Table 2 Stability testing of polarization and color of sugar based on statistic in 1SO13528: 2015 [11]

Differences | Target SD Acceptance criteria
Study times (day) Means V.- 7, (. 03, . 7, <030,
ot (2
Polarization (°z):
Mean from homogeneity (y7) | 99.974 - - - -
Transport stability (7 days, 99.978 0.004 0.018 0.005 Pass
Storage time (15 days, ¥3) 99.974 0.000 0.018 0.005 Pass
End of study (30 days, ¥5) 99.977 0.003 0.018 0.005 Pass
Color (IU):
Mean from homogeneity (¥7) | 25.9 - - - -
Transport stability (7 days, 25.6 0.3 25 0.8 Pass
Storage time (15 days, ¥5) 255 0.4 2.5 0.8 Pass
End of study (30 days, ¥5) 25.5 0.4 2.5 0.8 Pass

*Target (o) was calculated from RSDy, of polarization (0.018 %) and color (9.8 %) from 10 and 9

rounds of previous studies, respectively
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Kernel Density Plot
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(a) polarization

Kernel Density Plot
Colour
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(b) color

Figure 1 Data distribution based on kernel density plot of all participating laboratories (p = 65)

Table 3 Assigned values of polarization and color of sugar

Assigned values

Testings p " 5
Mean, x* (x,,)" | SD for PT (a,,)" | Standard uncertainty of assigned value (Uyy)
Polarization (°z)| 65 99.961 0.018 0.002
Color (IU) 65 27.0 2.7 0.2

'Robust mean obtained from calculation based on statistic in ISO 13528: 2015, algorithm A [111];

“Target (o) was calculated from RSD, of polarization (0.018 %) and color (9.8 %) from 10 and 9

rounds of previous studies, respectively

o Wansusmmansfnuiiinmn wadliuans
Famsnadi 3
3.4 MyUszdiuanuaEnsaviesuuAng
nsfnadeinuinAranaliuduen
V94A1 assigned value (Ugpy) VBINTNAFBUAN
TnanlsiwdunagAdian ugyy < 0.30, Fafunns
Uszliunuanunsaesujiiinig Jadenldads z
score 993n15UsEIlUNaA IwalswdulazAd
NaNSANINUIINMINAFEUTATINaT s uuaz
Ad IWesuFuAnisilaFunanisnaasuidud

8UTU 64 WoUJURNIT LATHANITNAFOULY

pousuUldly 1 wis FeRmPudosas 98.5 uaz 1.5
PUETU (1151971 4 JUT 2 uazgUil 3) Tnelade
YBININTINNUIE N sAnwdIngdnanis
negeuanalswiusazAmdifuiivensuls wis
Zovay 98.5 114@09518N13 BINUIINTNAGOUAN
IwmisL%%’uiuiauﬁyﬁmamwsxLﬁuqam"]ﬁ
anfiuanulul w.e. 2559, 2560 way 2561 (Spuay
96.9, 93.4 U@y 97.8 MUAINU) LAZNITNAADUAN
#luseviifinanisussidugeninfisniuaulud
W.A. 2559, 2560 way 2561 (Seway 98.9, 86.2

LAy 94.8 ANUAIAU)
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Table 4 Evaluation of laboratory performance of polarization and color of sugar

Numbers of each evaluation criteria (participating laboratories, %)

Evaluation criteria
Polarization Color

| z | < 2 = satisfactory 64 (98.5) 64 (98.5)

2 <|z|< 3= questionable 0(0.0) 0 (0.0)

| z| = 3 = unsatisfactory 1(1.5) 1(1.5)

4.00

3.00

2.00

1 2171834374247

1.00
511 1213141515202122524272332333544435054IIIIIIII
0.00

6 T 1925262931353940414351 5456 57 58

Z score

-1.00 3 30384549 526163

4 465053 59 62 65

-2.00

-3.00

Laboratory code number

Figure 2 Plot of ordered z scores for polarization results in sugar

4.00

53

3.00

2.00

1.00

1 3 1214303238 4045 5658 5961
4 6 7 9 202122282933364142 4952556265

0.00

2 5 192324 2526 3948 5457 64
-1.00 1316182735 37444547

1117

Z score

Laboratory code number

Figure 3 Plot of ordered z scores for color results in sugar
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Table 5 Method used for testing of polarization and color of sugar by participating laboratories

Method used Numbers of participating laboratories
Polarization:
ICUMSA Method GS2/3-1 (2011) 64
ICUMSA Method GS2/3-1 (2007) 1
Color:
ICUMSA Method GS2/3-10 (2011%) 62
ICUMSA Method GS2/3-9 (2005) 3

° v aa

Ausuisneaaulnanlswiunasdn v

a wva

JUANIA 9 UanIRIn1519% 5 970

'
a el

WU uAn1si

Y999 89U
15 IUNISTANYIN IUUAVBINTS
pegaulnarlswiunuIindnsleisneday ICUMSA

aa

15NAEDU

o
by

Method GS2/3-1 (2011) 64 Uw4 Ua
ICUMSA Method GS2/3-1 (2007) 1w (Lab No.
pt256102026) WAlAsuNaNIsUsEIIURUNYINNg
gousuUAEINY Yot URNIT 1 Wis (Lab No.
pt256102008) il¢ Sunan1susuidiulidusiumela
(5U7 2) § 835 naaeuunsg Iy 1o ud
wesfuRnmsdnlvgld deiuauiianainiuin
MneEInsaTeasA TRnses ldT uiuis
VIndoU

dmsunsnegeuanuiniviesUuanis
A dugidniam S 65 wis liisneaey
ICUMSA Method GS2/3-10 (2011%) 62 Wi uay
Tovaeu ICUMSA Method GS2/3-9 (2005) 3 uis
(pt256102026, pt256102032, pt256102046) s

Tosunansusefiukunae iNsEaNS UL ey

a

el URn1T 1 unis (Lab No. pt256102053)

vao

Iesunansuszduliduiiiwela (Uit 3) 89435

1]

14

VAFRUNINTFIUR LR ITUIiDsU URnsduln

19 FaUANURANAIA TR AIINANUEIUNTOUDIT D
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tansies lilsauiuiveaey wukeariu
N153LATIENANNAVBIANUAANAIATN
Wulule (possible sources of error) # 819%1

¢

"

@
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Tinanmsnaseulsiiuiivensu dmiunsinm
Atwanlsiedu Sudusosdanimdniegidlidean
ANUAANAINBY VDN = 0.001 NTU UagAIT
nsvaeuiatesiniminieunslion msauny
gamgivesansaratedl 20.00.1 °C sonsld
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S o

A9 100 Hadans d1uLAT0e spectrophotometer
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