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Effects of Varieties, Place of production,
Processing Methods and Sulfur Dioxide Residues
on the Quality of Dried Daylily Products

Liu Chi-chia® Yu-hui Tuan? Po-ching Wu'*

1.Department of Biomechatronic Engineering, National Ilan University
2.China Grain Products Research and Development Institute

Abstract

Sulfur dioxide was used in the process of dried daylily production, in order to improve
the product color and texture and to extend the shelf life of dried daylily product. This study
was to investigate the status of sulfur dioxide residue in the process of dried daylily
production which using various daylily samples with different varieties, origins, processing
methods and sulfur dioxide residue. In the processing of daylily using fumigation or soaking
methods, the total sulfur dioxide residue decreased, but the ratio of bond type sulfur dioxide
increased gradually. The dried daylily product made by fumigation method contained 90%
of bond type sulfur dioxide residue, but for product made by soaking method contained only
80% of bond type sulfur dioxide residue. Therefore this study recommended the processing
methods of dried daylily production is fumigation method, which can produce better quality
dried daylily products, and the sulfur dioxide residue can be easily controlled under 4g/kg.
After fumigation the distribution of sulfur dioxide residue was not uniform using fumigation
method. However, the coefficient of variation for sulfur dioxide residue reduced below 10%
after drying. This indicated the uniformity of sulfur dioxide residue was better when
fumigation method was used for dried daylily production. The variety and processing
method significantly affected the color of dried daylily products. However, the most
important factor to the quality of dried daylily product was variety, the other factors would be
sulfur dioxide residue, processing methods and origin. The texture was significantly
affected by the daylily variety. The texture of plain variety was harder than the high
mountain variety for both fresh flower bud and dried product. The re-hydration ability was
significantly affected by the processing method. The daylily product made by soaking method
had better re-hydration ability. Although both free type and bond type sulfur dioxide

significantly affected the color and texture properties, it seemed that the bound sulfur dioxide
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had higher correlation with the color and texture properties. This can infer that bound sulfur
dioxide had more color retention effect.
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Table 1 The types and residues of SO, for plain daylily processing using fumigation method
o R b B F-SO,, ppm B-SO,, ppm T-SO,, ppm
B YRR S ey T Wi i
s [PIEIEE 3280 3,040 22% 1,190 11,020 78% 1,518 14,060
s PIESe 198 1,870  19% 858 8,029 81% | 1,056 9,899
"EVF‘Y& PN 113 1,102  11% 933 9,114 89% 1,046 10,216
ke HEEEE 70 652 8% 827 7,682  92% 897 8,335
@’F’r E— %"}BH gt ND ND 0% 409 4,116 100% 409 4,116
s HECN e ND ND 0% 443 4291 100% 443 4,291
L2l gk 154 165 5% 3,199 3,419 95% 3,353 3,584
iZ%'JFF”h FlEf 116 123 4% 2,821 3,015 96% 2,937 3,138
g M 140 151 5% 2,658 2,868 95% 2,798 3,019
ﬁéf  F- SO, : JHEED & f“"ﬁ?ﬁ’?ﬁ‘ﬁﬁ ; B-S0; : ﬁﬁﬁ’ﬁ:: = f“"ﬁ?ﬁ’?ﬁ‘ﬁﬁ s T-SO, @ A

[ RE

2 TS GRS R B VMR
Table 2 The types and residues of SO, for high mountain daylily processing using fumigation
method

PR o g2 A | F-SO,, ppm B-SO,, ppm T-SO,, ppm
R R e e T T
@T{ﬁ& PJFET,L 1 531 3,856 32% 1,146 8,314 68% 1,677 12,170
w2 659 4741 30% 1,529 10994 70% 2,188 15,735
Wk 3 431 3,121 26% 1250 9,047 74% 1,681 12,168

miis 4 256 1,787 19% 1,107 7,751 81% 1,363 9,538
w9t 729 5225 31% 1,597 11448 69% 2,326 16,673
w92 4530 3,059 24% 1,397 9435 76% 1,850 12,494
W 9HE3 0 349 2388 21% 1274 8,726 9% 1,623 11,114
' b4 314 2288  21% 1,149 8387 79% 1,463 10,675
iz e 353 388 8% 4,000 4399 92% 4353 4,786
izl Hve 361 405 8% 4312 4,832  92% 4,673 5,237
izgli e 464 518 11% 3,602 4,021  89% 4,066 4,539
1 F- S0y WHEHE D S (CAGRTTE ¢ B- SO, 1 Ak AR SRR T-S0, 1 AT

AR

= S
T %

SHPHE 1 > SHR L SRR TR RO IR B PR RSt e S T
FERBEIIT 8 51 J IR T PG 9 B =8 » SR
BT 9T & SPRE TS5 - (1 1 PR SR I 2
I il P91 S S (U13) - P AR TR Sl PO SR
oty R T A R PR
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Table 3 The effects of varieties and position (inner and outer layers) on the uniformity
(coefficient of variation) of SO, residue after fumigation processes

SRR R T e e
et 22.35% 19.76%
9t et 46.73% 20.69%

E’Wﬁ'ﬁ 1[4 & b & 41 3 1@ [17 & zﬁzrffjrjm 7’5“%}{£ SR B WPF' TR
8 G S PRTRMEE) SRR IR 405 HEI fERL "ﬁﬁf@@fﬁf@%a’
SRR P B TRk D R FRR R IR
B RS = 2 RS R AR]l R T S R

Fe 4 AV PSSR S Y BRI R B
Table 4 The types and residues of SO, for plain daylily processmg using soaking method

" F-SO,, ppm B-SO,, ppm T-SO,, ppm
PSR VR = = —
WE gl e WL a7
LN 20,546 20,546 90% 2,289 2,289 10% 22,835 22,835

12y % ek 2410 20,787 28% 6,139 53,004 78% 8,549 73,790
B % gt 2,505 21,293 36% 4,366 37,155 64% 6,871 58,448
Y % ek 3885 32,898 38% 6,450 54,629 62% 10,335 87,526

PP 2,044 9,140 33% 4,232 18,880 67% 6,276 28,020

gl P 7271 8,145 20% 28,697 32,148 80% 35,968 40,292

AL FVE 7710 8,689 17% 38,041 42,869 83% 45751 51,558
GO M 8,612 9,518 19% 36,231 40,044 81% 44,843 49,562
7o 0 F- SO, 1 B S [“ARETED § B- SO, ¢ (IR S [TRRFIE  T-SO, ¢ S
TR E

Fo5 RE S STETEEAET SR BRI R
Table 5 The types and residues of SO, for high mountaln daylily processing using soaking
method

, F-SO,, ppm B-SO,, ppm T-SO,, ppm

S SRR = = 22
WA i WA i) WA 1]
AL RLS 20,480 20,480 92% 1,676 1,676 8% 22,156 22,156

Fawm g 1,693 13,067 36% 3,003 23,193 64% 4,596 36,260
NS CNES Flgt 1,661 12,907 33% 3,363 26,144 67% 5,024 39,052

=AY = gt 2,605 20,117: 41% 3,812 29,478 59% 6,417 49,595

F P 2,374 10,147 30% 5,657 24,247 70% 8,031 34,393

LG JES 3,624 3939 19% 15,453 16,783 81% 19,077 20,722
?_t : F- SO ﬁ?g_ — E;;‘ I T]‘jf‘]ﬁ:?}[lil ’ B SOz “I\E,:l: | rJL, — E;;‘ I 7[:]7{‘772: F}(E{ ’ T— SOz . ;Q-;:
R
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Table 6 The effects of varieties and processing methods on the uniformity (coefficient of
variation) of SO, residue in dried daylily processing

‘—m

pz A B L
4 sy G 46.80% 18.94%
[ 1776k 9.53% 6.96%
Tk QW 20.18% 16.98%
] §iz g 12.81% 8.81%
[T R B GBS T R A S AT BRI Y R SR S
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Table 7 The effects of processing method and varieties on the change of F-SO,, B-SO,, and
T-SO; residues before and after drying
j\

AT WA SR (R

& P e
S TEC (R 1% HE—
F-SO, B=SO, T8O, F-SO, BSO, TS0,
fippm)  LIIL 7376 8486 3,308 9263 12,571
Tk fppm) 147 3419 3584 437 4417 4854
il
WEPE  8681%  53.64% S57.77% 86.80%  52.31%  61.39%
FW(ppm) 24992 48263 73,255 15364 26272 41,636
AW I2%(ppm) 8784 38354 47,138 3939 16783 20,722
WEPE 6485%  20.53%  35.65%  7436%  36.12%  50.23%
1 F-S0,  EHE SRR B- SOyt Ak ATE . B[ PORFE 5 T-S0; ¢
E,;L[ TﬁA 1%]'[’%{
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Table 8 The comparison of color for dried plain daylily products using various processing
methods

P HF TURRAR S L a b Chroma  Hue Angle
R EES Fe 46584232 8.6240.66 26.08£1.49 27.47+1.46 71.69+1.50
RS et 46.5042.46  7.90+0.62 26.08+1.50 27.26+1.43 73.11%1.60
?,@Hz N 459442.08  7.70£0.73  25.57+1.25 26.72+1.19 73.22+1.75
NS ChES B 37.014£2.66  13.2842.22 21.9141.91 25.65+2.60 58.944+3.08
e Hieh 38214214 12.74+1.32 22.43+1.41 25.80+1.84 60.46+1.37
Tk gt 38.21+1.73 13.5141.91 22.38+1.15 26.17+1.85 59.00+2.62

H O I S (8 SHZE D B

Table 9 The comparison of color for dried high mountain daylily products using various
processing methods

P TURRAE S L a b Chroma  Hue Angle
e % 1 44.97+1.07 15.16£1.49 25.69+£0.53 29.85+1.02 59.5142.31
e Fi% 2 43.50+1.10 12.49+2.67 24.87+1.10 27.89+1.97 63.57+4.50
e HIFS] 42.86£1.07 11.22+1.68 24.1740.31 26.69+0.66 65.16+3.35
SSLIbES 4527+2.72 16.45+0.82 25.43+1.66 30.31+£1.32 57.04+2.44
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Table 10 The change of moisture content and rehydration ratio for various dried daylily
products

a0 me I TCRTMG BEEA WA

R SR A5

Es Fikl(ppm) A (%) N
e EhREE 2 3,594 1479 82.75 3401 2025
MEpE EwE 2 23,037 8.36 86.17 4056  27.85
e RYEE MRk 2,919 7.88 86.20 4410 3351
E G = 573 13.81 76.96 3.163 1927
e IR e - 2,490 7.00 76.80 2786 24.11
mEE A MR 2,781 7.26 74.16 3.010  24.07
ppE s S SR ND 5.71 82.56 3.785  23.95
g R R ND 8.01 80.63 3432 27.93
TpE ek R 13,553 7.64 81.30 3366 20.11
TR YR SR 20,109 7.70 84.60 3250  26.80
s AEE S 1210 777 7719 3003 2391
TEyE FEE S F 912 8.43 74.96 2.954 2047

A 2 P GPRRfH RS (RS S L RS SR 2
SHZEIRGET SN R T oS SHZRIRESE S SRR R T 2 5t
SR - R & SRS S F“lﬂ?lﬁ?’h R IURNE
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Table 11 The proportion of F-SO, and B-SO, residues for dried daylily products with
various varieties, processing methods and places of orgion

Fﬁ[ﬁﬁ ;E[;C &Y Free SO, (ppm) Bound SO, (ppm) T(z;insl)o 2
P e ERwE 76 2.11% 3,518  97.89% 3,594
mp e EheE = E 2,875  12.48% 20,162  87.52% 23,037
MEPE AWk Ve 250 8.57% 2,669  91.43% 2919
e I = 112 449% 2378  9551% 2,490
mpE FEE SR 6 1.11% 566 98.89% 573
Pl e fEE Mk 123 443% 2,658  9557% 2,781
LTS A SELND ND 2
S HiE! ND ND ND
TRE R SR 2,235 1649% 11,318  83.51% 13,553
TPE R SR 1,958 9.74% 18,150  90.26% 20,109
ey FmE S E 21 1.76% 1,189  98.24% 1,210
e FmE S E ND 0.00% 912 100.00% 912

12 |1 HFET B 8 SHEER Pt i
Table 12 Comparison of the physical properties for high mountain and plain daylily
varieties

Pl S SRR T8 G
EiEl(g) 2.23+0.14 3.05+0.40
= (mm) 96.70+6.55 99.73+6.23
1% (mm) 8.33+0.50 10.47+0.59
A (N) 13.13+1.61 15.5442.28
;1 (%) 89.20+1.12 93.1240.93
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Table 13 The correlation matrix analysis for various experimental Variables

Pﬁ{h@ up &Py Free  Bound Total f’ffﬁk L BHS-a BHE-b R E"’[F%‘ fE = ?}t;‘ g
we | |
o |-0.2449% I
EH1-0.3881*%  0.0380 1
Free 0.2902* 0.1883* -0.2649* 1
Bound | 0.2684* 0.1379 -0.2535* 0.9594* 1
Total | 0.2725*% 0.1451 -0.2561* 0.9691* 0.9993* 1
FA'[_’FE“ -0.2199* -0.1979* -0.2191* -0.1700 -0.1116 -0.1197 1
Feh-Lo| 0.2699*  0.1654 0.2812* -0.0709 -0.0297 -0.0352 -0.8421* 1
Blc-a [-0.3147*  0.1007 0.2353* 0.5536* 0.6839* 0.6702* 0.0987 -0.1917* 1
BE-b | 0.3087*  0.1772 0.3309* 0.1939* 0.2590* 0.2518* -0.8037* 0.9374* 0.0974 1
e 0.0975 0.2031* 0.3705* 0.4352* 0.5555* 0.5425* -0.5988* 0.6707* 0.5800* 0.8653* 1
‘L"[P% 0.4487* -0.0128 -0.0797 -0.3836* -0.4817* -0.4712* -0.4932* 0.6243* -0.8772* 0.3874* -0.1224 1
7<% 1-0.3695* 0.6136* 0.3202* 0.3135* 0.2710* 0.2777* -0.0799 -0.0498 0.4641* 0.0343 0.2736* -0.3887* 1
réf:k;i -0.1467 0.6856* -0.0115 0.5557* 0.5775* 0.5773* -0.0177 -0.1163 0.6296* 0.0532 0.3697* -0.5404* 0.8400* 1

P54 | 0.8274* -0.1320 -0.3568* 0.5012* 0.5790* 0.5715* -0.1754 0.1802 0.2088* 0.3460* 0.3911* -0.0225 -0.1509 0.2384*
= i*f&:l i 99%[ EFH”*“ 7%%']?;% » 1. =0.1865 ; F- SO, : W‘éﬁ,g Ff ﬁfﬁﬂﬁ ; B- SO, : A IF\ G ’|ﬂ: W{E': ; T- SO, AT &1
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