Supplementary Information

2. File structure

- Sheet 1: Proanthocyanidin absorption curve

- Sheet 2: Proanthocyanidin standard curve

- Sheet 3: Effect of light on the stability of proanthocyanidins in sample solution
- Sheet 4: Single Factor Experiments

- Sheet 5: RSM Design Matrix

- Sheet 6: Validation Experiments
- Sheet 7: Sample Measurements

- Sheet 8: precision, repeatability and spike recovery

2. Sheet descriptions and mapping to the manuscript

- Sheet 1 (Proanthocyanidin absorption curve): Corresponds to [Fig. 1. Absorption spectra of
proanthocyanidin standards at different concentrations].

- Sheet 2 (Proanthocyanidin standard curve): Corresponds to [Fig. 2. Proanthocyanidin standard
curve].

- Sheet 3 (Effect of light on the stability of proanthocyanidins in sample solution): Corresponds to
[Fig. 3. Effect of light on the stability of proanthocyanidins in sample solution].

- Sheet 4 (Single Factor Experiments): Predicted and observed values under the optimized
conditions. Corresponds to [Fig. 4. Results of the extraction process of Proanthocyanidins from
Purple Rice: (a) Effect of ultrasound time on the extraction rate; (b) Effect of ethanol
concentration; (c) Effect of water bath temperature; and (d) Effect of water bath time.].

- Sheet 5 (RSM Design Matrix): Corresponds to [Table 1/2/4].
- Sheet 6 (Validation Experiments): Corresponds to five replicate model validation.

- Sheet 7 (Sample Measurements): Corresponds to [Table 3 Proanthocyanidin content of purple
rice from different origins (n =9)].

- Sheet 8 ( precision, repeatability and spike recovery): Corresponds to Method validation

Sheet 1: Proanthocyanidin absorption curve

A(nm) Abs.
10 20 30 40 50
200 0.074 0.135 0.199 0.257 0.307

201 0.085 0.161 0.207 0.27 0.317
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273 0.152 0.309 0.422 0.579 0.701

274 0.156 0.318 0.433 0.595 0.72
275 0.158 0.325 0.443 0.608 0.737
276 0.162 0.332 0.453 0.622 0.753
277 0.164 0.337 0.46 0.631 0.765
278 0.165 0.34 0.465 0.638 0.773
279 0.166 0.342 0.468 0.642 0.779
280 0.167 0.343 0.469 0.643 0.78
281 0.166 0.341 0.467 0.639 0.775
282 0.163 0.336 0.46 0.63 0.764
283 0.155 0.329 0.45 0.616 0.748
284 0.15 0.32 0.437 0.599 0.727
285 0.145 0.31 0.423 0.578 0.701
290 0.112 0.226 0.303 0.413 0.502
310 0.055 0.065 0.092 0.122 0.148
320 0.033 0.045 0.066 0.087 0.104
340 0.025 0.028 0.047 0.058 0.073
350 0.023 0.025 0.043 0.054 0.066
370 0.02 0.023 0.037 0.045 0.058
380 0.018 0.02 0.034 0.041 0.053
400 0.017 0.019 0.032 0.036 0.05
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Fig. 1. Absorption spectra of proanthocyanidin standards at different concentrations.

Sheet 2: Proanthocyanidin standard curve
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Fig. 2. Proanthocyanidin standard curve.



Sheet 3: Effect of light on the stability of proanthocyanidins in sample solution

Abs.
Time(h) darkness light-proof direct sunlight
0 0.446 0.458 0.453
1 0.445 0.454 0.444
2 0.443 0.447 0.424
4 0.44 0.432 0.396
6 0.434 0.418 0.38
8 0.429 0.401 0.365
10 0.428 0.395 0.342
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Fig. 3. Effect of light on the stability of proanthocyanidins in sample solution
Sheet 4: Single Factor Experiments
y=0.0146x+0.0073
ultrasound time The rate of
(min) Abs. ¢ (ng/mL) extraction SD
(ng/g)
10 0.389 26.14 2614
10 0.392 26.35 2635
10 0.395 26.55 2655
Average 10 0.392 26.35 2635 20.5
20 0.429 28.91 2891
20 0.430 28.96 2896
20 0.425 28.59 2859
Average 20 0.428 28.82 2882 20.1
30 0.470 31.70 3170
30 0.468 31.57 3157
30 0.465 31.38 3138
Average 30 0.468 31.55 3155 16.1
40 0.433 29.14 2914
40 0.432 29.07 2907
40 0.429 28.85 2885



Average 40 0.431 29.02 2902 15.1
50 0.408 27.44 2744
50 0.405 27.24 2724
40 0.402 27.04 2704
Average 40 0.405 27.24 2724 20.0
Cotetanol G A% CEIMD) oy ation (uge) D
22 0.142 9.25 925
22 0.153 10.00 1000
22 0.154 10.06 1006
Average 22 0.150 9.77 977 45.1
27 0.176 11.58 1158
27 0.185 12.14 1214
27 0.191 12.58 1258
Average 27 0.184 12.10 1210 50.1
32 0.218 14.45 1445
32 0.227 15.08 1508
32 0.235 15.62 1562
Average 32 0.227 15.05 1505 58.6
37 0.525 35.43 3543
37 0.537 36.29 3629
37 0.540 36.52 3652
Average 37 0.534 36.08 3608 57.5
42 0.338 22.64 2264
42 0.346 23.20 2320
42 0.351 23.55 2355
Average 42 0.345 23.13 2313 459
Mol Aw cqwnn  eneel
50 0.486 32.79 3279
50 0.488 32.95 3295
50 0.478 32.21 3221
Average 50 0.484 32.65 3265 38.9
60 0.495 33.42 3342
60 0.498 33.60 3360
60 0.489 33.00 3300
Average 60 0.494 33.34 3334 30.8
70 0.462 31.17 3117
70 0.466 31.42 3142
70 0.455 30.65 3065
Average 70 0.461 31.08 3108 39.3
80 0.367 24.64 2464



80 0.369 24.79 2479
80 0.362 24.28 2428
Average 80 0.366 24.57 2457 26.2
90 0.348 23.32 2332
90 0.349 23.41 2341
90 0.341 22.87 2287
Average 90 0.346 23.20 2320 28.9
The time of water The.rate of )
bath (min) extraction (ug/g)
20 0.189 12.43 1243
20 0.186 12.26 1226
20 0.174 11.40 1140
Average 20 0.183 12.03 1203 55.2
40 0.232 15.39 1539
40 0.231 15.31 1531
40 0.218 14.45 1445
Average 40 0.227 15.05 1505 52.1
60 0.273 18.20 1820
60 0.272 18.14 1814
60 0.256 17.03 1703
Average 60 0.267 17.79 1779 65.9
80 0.562 38.00 3800
80 0.559 37.76 3776
80 0.547 36.98 3698
Average 80 0.556 37.58 3758 53.3
100 0.468 31.55 3155
100 0.467 31.50 3150
100 0.454 30.58 3058
Average 100 0.463 31.21 3121 54.6
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Fig. 4. Results of the extraction process of Proanthocyanidins from Purple Rice: (a) Effect of
ultrasound time on the extraction rate; (b) Effect of ethanol concentration; (c¢) Effect of water bath
temperature; and (d) Effect of water bath time.

Sheet 5: RSM Design Matrix
Table 1. Experimental design matrix and corresponding response values for the response surface

methodology
Experimen A: ultrasound B: ethanOI. C:b\:t?lter D: wa}ter Extractio
tal groups fime (min) concet;tratl temperatur bath .tlme Abs. n rate
on (%) e (°C) (min) (ng/g)
1 0 0 -1 1 0.092 2,020.27
2 1 1 0 0 0.097 1,669.59
3 0 1 0 1 0.101 1,587.40
4 -1 0 1 0 0.312 628.49
5 1 -1 0 0 0.323 491.51
6 1 0 0 -1 0.136 765.48
7 -1 1 0 0 0.376 513.42
8 0 0 0 0 0.245 2,327.12
9 0 -1 1 0 0.113 590.14
10 0 1 1 0 0.147 2,277.81
11 -1 0 0 -1 0.257 579.18
12 -1 -1 0 0 0.328 464.11
13 0 0 0 0 0.296 2,431.23
14 0 1 -1 0 0.312 1,669.59
15 -1 0 -1 0 0.115 1,669.59
16 1 0 0 1 0.423 1,757.26
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0.312
0.334
0.122
0.205
0.094
0.143
0.143
0.297
0.478
0.505
0.585
0.432
0.451

2,579.18
1,083.29
1,790.14
475.07
743.56
1,368.22
2,781.92
705.21
1,729.86
743.56
2,727.12
1,302.47
1,581.92

Table 2. Analysis of variance for the quadratic response surface model. Note: p > 0.05: not
significant; p < 0.05: significant different; p < 0.01: extremely significant different.

SOl(l)ffCGS Sum of Degrees of Mean Square F-value p-value Significa
variance Squares Freedom nce
Model 1.50E+07 14 1.07E+06 15.68 < 0.0001 oAk
A 4.54E+05 1 4.54E+05 6.65 0.0218 *
B 1.41E+06 1 1.41E+06 20.68 0.0005 *ok
C 1.25E+06 1 1.25E+06 18.32 0.0008 *k
D 1.19E+06 1 1.19E+06 17.45 0.0009 *ok
AB 3.19E+05 1 3.19E+05 4.67 0.0486
AC 27930.77 1 27930.77 0.41 0.5327
AD 10275.88 1 10275.88 0.15 0.7038
BC 6.40E+05 1 6.40E+05 9.38 0.0084
BD 82756.91 1 82756.91 1.21 0.2894
CD 23539.23 1 23539.23 0.34 0.5664
A? 4.82E+06 1 4.82E+06 70.69 <0.0001 HoAk
B? 4.79E+06 1 4.79E+06 70.13 <0.0001 *k*
C? 7.02E+05 1 7.02E+05 10.28 0.0063 *ok
D? 3.53E+06 1 3.53E+06 51.73 <0.0001 *k*
Residual 9.56E+05 14 68248.32
Lalﬁli‘t of g 08E+0s 10 80755 2.18 0.2349
Pure error 1.48E+05 4 36981.63
V;";fl‘im 1.59E+07 28
R? 0.94 Adj R? 0.8801 Pr R? 0.6936

Table 4. Independent variables and their coded levels used in the response surface design.

Symbol

Independent variable
(unit)

Coded level —1

Coded level 0

Coded level +1

A

Ultrasound time (min)

10

30

50



Ethanol concentration (%

B viv) 22 32 42

C Water bathO temperature 50 70 90
Q)

D Water bath time (min) 20 60 100

Sheet 6: Validation Experiments
y=0.0146x+0.0073

Mean
Abs. The rate; of Extral\c/{?(?rlll Rate EX'EZ‘;;IOH
NO. extraction (Within Group)  (Outside RSD(%) SD
Group)
(ng/g) (ng/g) (ng/g)
0.388 2,606.58
1 0.393 2,639.45 2628.49
0.393 2,639.45
0.404 2,716.16
2 0.410 2,760.00 2738.08
0.407 2,738.08
0.403 2,710.68
3 0.401 2,694.25 2697.90 2701.92 2.1 57
0.400 2,688.77
0.393 2,639.45
4 0.397 2,672.33 2666.85
0.400 2,688.77
0.413 2,781.92
5 0.411 2,765.48 2776.44
0.414 2,787.40

Sheet 7: Sample Measurements

No. of repetitions/Abs.

Origin NO

1 2 3
1 0.397 0.400 0.393
Loudi, Hunan 2 0.389 0.392 0.391
3 0.402 0.406 0.403
1 0.289 0.285 0.287
Hanzhong, Shaanxi 2 0.301 0.301 0.301
3 0.289 0.289 0.290
1 0.340 0.340 0.340
Harbin, Heilongjiang 2 0.361 0.357 0.360
3 0.351 0.346 0.347
1 0.214 0.211 0.213
Pu'er, Yunnan 2 0.221 0.224 0.223
3 0.217 0.215 0.215



1 0.292 0.289 0.296
Qiannan, Guizhou 2 0.288 0.291 0.290
3 0.278 0.274 0.279
1 0.264 0.265 0.257
Shaoyang, Hunan 2 0.253 0.255 0.251
3 0.252 0.249 0.250
y=0.0146x+0.0073
No. of repetitions Mean RSD
Origin NO content %) SD
1 2 3 (nglg) 0
1 2669.18 2689.73 2641.78
Loudi, Hunan 2 2614.38 2634.93 2628.08  2,669.18 1.6 41
3 2703.42 2730.82 2710.27
1 1929.45 1902.05 1915.75
Hanzhong, 2 2011.64 2011.64 2011.64  1,953.04 23 45
Shaanxi
3 1929.45 1929.45 1936.30
1 2278.77 2278.77 2278.77
Harbin,
Laroin 2 2422.60 2395.21 241575 234117 25 59
Heilongjiang
3 2354.11 2319.86 2326.71
1 1415.75 1395.21 1408.90
Pu'er, Yunnan 2 1463.70 1483.29 1477.40 143620 22 31
3 1436.30 1422.60 1422.60
, 1 1950.00 1929.45 1977.40
Qiannan, 2 1922.60 1943.15 193630 1,911.19 2.7 51
Guizhou
3 1854.11 1826.71 1860.96
1 1758.22 1765.07 1710.27
Shaoyang, 2 1682.88 1696.58 1669.18  1,697.34 24 40
Hunan
3 1676.03 1655.48 1662.33

Table 3 Proanthocyanidin content of purple rice from different origins (n = 9)

Origin Mean+SD (pg/g) RSD (%)
Loudi, Hunan 2669.18 + 41 1.6
Hanzhong, Shaanxi 1953.04 + 45 23
Harbin, Heilongjiang 2341.17+ 59 25
Pu'er, Yunnan 1436.20 =31 2.2
Qiannan, Guizhou 1911.19 £ 51 2.7
Shaoyang, Hunan 1697.34 + 40 24

Sheet 8: precision, repeatability and spike recovery

precise experimental results

No. of repetitions

Standard 1 2 3 4 5 6 RSD%



Abs. 0.447 0.453 0.448 0.452 0.448 0.449 0.54

repeatability experimental results

No. of repetitions

Sample
1 2 3 4 5 6 RSD%

Abs. 0.454 0.471 0.468 0.473 0.469 0.476 1.64

Supplementary Table S1. Spike recoveries of proanthocyanidin from plant matrix at low,
medium, and high concentration levels (n = 3).

mass of . .
sample weight endglieslgous standard szrlrll(eld spiked mean RSD
added ple  recovery  recovery

(g) (ng) (pg) (1g) (%) (%) (%)
0.0238 63.56 115.6 101.9
0.0238 63.56 51.11 117.2 104.9
0.0239 63.82 117.3 104.9
0.0232 61.96 125.1 101.3

0.0233 62.22 62.39 126 102.6 100.8 2.0
0.0231 61.69 124.9 100.8
0.0245 65.43 144 99.7
0.0246 65.69 78.55 144.4 100.1

0.0245 65.43 144.2 99.9




