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The Effects of Dry Processing and Extraction Approaches on
Color Diversity and Anti-oxidative Capacity of Roselle (Hibiscus
sabdariffa) Extracts

Chi-Ruei Huang, Hsin-Lun Huang, and Chi-Chiang Yang*

Abstract

The planting area of Roselle in Taitung is about 300 hectares with an annual output of
about 10 metric tons. Roselle is a product with great potential to develop health foods.
Previous, the studies have shown that Roselle is rich in health ingredients such as polyphenols,
anthocyanins, organic acids, and has the functions of antioxidant, antibacterial, blood lipid
reduction, and blood sugar; therefore, it will help the establishment of a product grading
system of Roselle by quality control analysis of dry processing and bio-functional capacity.
In this study, the RGB color model is used to analyze the color diversity of Roselle extract
and the ability to scavenge DPPH free radicals is used to evaluate the bio-function of Roselle
extraction; at the same time, the vitamin C as a standard used to compare the anti-oxidative
capacity with Roselle extracts. In 20 samples, it is found that Roselle's water extracts exhibit
higher red color intensity than that of the alcohol extract; the Roselle's alcoholic extract has
higher blue color intensity than that of water extracts. The results of anti-oxidative capacity
showed that the freeze-dried alcohol extract from Gaoshu township of Pingtung County has
the highest anti-oxidative ability, which has 52.06 mg of vitamin C antioxidant ability per
gram, and the freeze-dried white roselle’s alcohol extract has the lowest anti-oxidative ability,
which has 10.75 mg of vitamin C antioxidant ability per gram. In addition, the antioxidant
capacity of the water extract of Roselle is not dramatic different according to drying method
and different source, but the alcohol extract of Roselle from different sources performs the
different antioxidant capacity according to dry process. Based on the above results, it is found
that no matter what kind of drying process or extraction solvent is used, the antioxidant
capacity of roselle extract is Jinfeng-Taitung>Black Roselle-Taitung = Taitung-
Haixian/Jiaxing>white roselle. Future, it is recommended to use water as the extraction

solvent for color and antioxidant function evaluation.

Keywords: Roselle ~ DPPH ~ Anti-oxidative
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S

BAFEFEL 2P EEWY Ly AT g ARG EITR
(Bahaeldeen Babiker Mohamed, Abdelatif Ahmed Sulaiman and Abdelhafiz Adam Dahab,
2012; Mahadevan, N, Shivali, Kamboj, Pradeep, 2009 ) ; ;&4 5 & #d ~ @ 4000 & Azt
MR FFRE T FCARI AT R (FH 5 B D~ 1576 & 0 LR A G EA B
ki % 4%(Bahaeldeen Babiker Mohamed, Abdelatif Ahmed Sulaiman and Abdelhafiz Adam
Dahab,2012) o 24! Z A L B 5 df % > if & a3 2 LRAF DREBSLME L A F
R R R o R a};\lﬁ_’i“g’ﬁﬁ AR RA B R AR ek
mE kA4 RERT

B g b33 & &K% 15000 o6 Fhas Hrieima s AR5 4
bokopn? Bicd B ﬂﬁ“ﬁffﬁﬁﬂ’%lﬁ’ BT FE I s B R R(FAO,2004) o & &
Ao RAFAILDAEE B AR AR F LR PR 220 5 300 QF“E(Féi
EA,2014) 5 195 T FEF A (F T E,2021) 0 17T EaER B AR
B g R TI0E B(S R (SHFE LT IF (/2 7)) ¢ K 2015 & 1 5553.88
ATET 2019 Fn382785 HF L AE AT ER T FIT A o TP B FAAXKSE
A E o - TAERT RfEALDREE -

ERERFES R 0 EA B AEF LG FL B Py ¥ # % (Mahadevan,
N, Shivali, Kamboj, Pradeep, 2009; Mgaya, Kilima Beatrice, et al., 2020) » 8 @ &8 74 5% »
EFRIRR~F iAo M EFME S N T ¢3S FF £ E (Shaheen, MLA.
and El-Nakhlawy, F.S., 2011) o 5 7 34 5824 % 4V & 2 7 Fms R4 > $12
LA AT HFrig AR A F S AR I B M ehlidp > B F < R BA SR
AR RE 2 Gy TS AN FLX R L B RF A T R
O kg~ 5 Fee2 & (Jung, E., Kim, Y. and Joo, N., 2013) » F]gt » A3+ F &A%
BAF L a4 0 R RN FORTARREREL TR o

AFELSRET PRSP ERR 2 RAF (SR-AR/GE S S L-R)
DRk B AL L) Ak ERRE f ko d § R A6

4

A Fdd RRIAETREEA ¢ T 5 FBRICE S G 0 B4 FREFBRW f’]‘ff—y—

i

»ﬁ' Rl

NS hE B o bt B E R AT 4 o 8 kA oS -k B R
Eﬁ*?@& FTAt %'r % /%ELJ# > r' é‘\_ /r"é ﬂf""r' i-4 % R E EFL«%%%J%’E '&4&%")}» Fo% S
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N LN iﬂﬁ: DPPH p d Az - 1F 5 4§ 1 # »eenzk 7 - 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (D9132, Sigma) 5 f& = «niE 4+ pd 2 > B3 A7 fR3 % pF
FRAES > . ODSI7nm F A F IS RE > REEFIF L L5 FIEY (€ R
ODS517nm w3 K {8 7 e i K B enfR & > B B2 5 [T (b iy 4 o BoiF R
FRptoAts o 1000 B 0 forded F C R RS o Bl 300001 AR 1 ek A F
5 82 6000L 1 0.3mM DPPH i fr#5 » &3 T @ L5 i 30 Adh- F b=+
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» 4% ¥ 0 ke fe k3 %k (GENESYS 20, Thermo) #] £ £ %] & OD517nm = &
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equivalent antioxidant capacity, VCEAC ) -
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5~ BE A

R FFPRERERFE RECGET

AT O20@EANFRD ABAF ORT AU RN~ SK-BR/EFE SL-2
A~ S A-4% c BA-B A {rVE-2 2 0 502 N4 k5% (Freeze Drying ) @ 4%
fofk g M7 g b 2% WAz (Hot-AirDrying) 5 Flia# FHc® M - 27 B A -3 #f
KiRerp Al o W F0kacf o m TE-2 2 KR F o W EFAR O o A
PR Z SR e T0%FpF & FBRA 0 ] o BEg RS R A F Ao x 10 B2 E
B Alant Gl AR A E B2 o FEAAY S % [ 5 #8172 Roselle-A, Roselle-B,
Roselle-C, Roselle-D, Roselle-E §= Roselle-F » & &] i £ 6 j&4¢ ~ S A -5 4/FE2 ~ 5 K
SROEA S S22 BA-F A eTE-2 22 A7 B R Raui4 # ) Roselle-A 5 ¢
BB % d o ;L4 > Roselle-B | Rosell-F % 5 *PBLE iz % & enlicd B4 o 4 iz
Wz FB AT EA W F o H 84 0 @0 WAe E 4 6% 4 5534 ddH:0 v 70%
Ethanol » %R % KB L T4k 1o

Fol. A FAE KR SIS N s FBOARE FBp N o
s Y B B A % i 15 5K R ol 2
X (Source) (Drying Processing) (Solvent) (Label) (Label)
6 R 4 % (Freeze Drying, F) ddHz20 (W) Roselle-A AFW
S QS AR #4 i (Freeze Drying, F) ddH20 (W) Roselle-B BFW
o R-2 A /4 % (Freeze Drying, F) ddH20 (W) Roselle-C CFW
o k-8 % % (Freeze Drying, F) ddH20 (W) Roselle-D DFW
B A -3 4 4 i (Freeze Drying, F) ddH20 (W) Roselle-E EFW
0 kA # & (Hot-Air, H) ddH20 (W) Roselle-A AHW
o K-AR/EE # kb (Hot-Air, H) dH20 (W) Roselle-B BHW
o R-2 A # h  (Hot-Air, H) ddH20 (W) Roselle-C CHW
o oR-4 # kb (Hot-Air, H) ddHz20 (W) Roselle-D DHW
TE-1 2 # kb (Hot-Air, H) ddHz20 (W) Roselle-F FHW
b kA 4 i (Freeze Drying, F) 70% Ethanol (E) Roselle-A AFE
S P YAt % % (Freeze Drying, F) 70% Ethanol (E) Roselle-B BFE
oh-2 A 4 i (Freeze Drying, F) 70% Ethanol (E) Roselle-C CFE
; L-4 % # i (Freeze Drying, F) 70% Ethanol (E) Roselle-D DFE
B -3 8t # i (Freeze Drying, F) 70% Ethanol (E) Roselle-E EFE
g kA # kb (Hot-Air, H) 70% Ethanol (E) Roselle-A AHE
o K-ia éﬁl/ # b (Hot-Air, H) 0% Ethanol (E) Roselle-B BHE
o h-2 # kb (Hot-Air, H) 70% Ethanol (E) Roselle-C CHE
g é\-fié # b (Hot-Air, H) 70% Ethanol (E) Roselle-D DHE
-3 2 # b (Hot-Air, H) 70% Ethanol (E) Roselle-F FHE
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% ¥ % 9 Roselle-A iz # 5B gad (B 1> AFW fr AFE) > 4p O # b §0% % eh
¥ (B 1) AHW 4c AHE ) @ Roselle-A j& 4 % vk 58~ g5 ¢ (B 1> AFW o AHW )
Y PSR ahgEd (B 10 AFE fr AHE) > R IRBURGEES » flod 24 %
P ehpEd o A RAELE Y L iR TE D S PR R AR FORFE 22 THR

HopSPpengmd o Api B EH 52 gEd i (R 1) e

AFW BFW CFW DFW EFW
® o o o

AHW BHW CHW DHW FHW
@ ©o

AFE BFE CFE DFE EFE
.

AHE BHE CHE FHE

Bl 1 24 FEPREES o P o S L EA FREBR > TARL RN FFRE

oo - BEAANLANFRR (AL 24 sBR4ASA-Ba/iEE; C

KA LR-2a4  DREALSAR-4M S EREAEBL-BA L FALATTE-Z2 ) B

I BFAARAE N (FRALFic HALARMLIZE) 5= B33 14

FPa A (W R4 - =k E R & T0%EpH) -

I 2% F= R ¢ 2+ (RGBcolorsscore) (% 2)» ¥ {75 Roselle-A (v i
W) RHFEREBGR  Fd hd B Mok d chd B @ i d ek d hd R BB AP
o BRFOIAT O ZEFRERARRFOFF I (F S i Pl
BT ) ko NP EBREES M > 4 il 0% Roselle-A € R dR 5 i ¢

FREABMRMITEE FTRS hifcka d hd B AFBRMEI RERTMIE
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¥ 3 R Roselle-A PP X B3 A 5 R 5 nfFd ¢ R o B¢ %4 F (Roselle-B 7]
Roselle-F) #0804 » B Epp Rl R M izd S 2hd B> HREPRepgEd ¢§ BB &
A AFREERRGEd § AN fofEd S A (R 2)e T 2 d R F
(Roselle-B ] Roselle-F ) ergz i * N B2 5B pad ApRE 1 Adp e cnZ B3 AT 5 4
FFTE TR Pl ek & a4 5 (Roselle-B ¥] Roselle-F) 5 B~% » H iz d & & ¥t d $1h
FTUEATIETIE R B ) AR B ehEs i 2 N T 0 A2 d 44 3F (Roselle-B ) Roselle-F)
KEP R I RPFMSF PR B > RHREPREG PEI ¢ RRIFPF R K
(£ 2)c BRa 2 EHPAICE> N B4 FFRH IR L EBrEG { § D
R AFHIERRIERBEI RN 2 (L BFI P FRET 5 =
FAad BN FRORAREF I B RAEF ) A i FoLEDp ‘)ﬁﬁ:‘*@«;&
HF { Fenind &R o %4 % (Roselle-B 3| F)>» 4 icv 0 i%F { %
§d 4 R e 24 % (Roselle-A) Rl I8 % o

32 RAFEFBR NG EZRI I A o

Source Prc?glsnssiang Solvent Label R RGB Co:r Score B Dc'g;g:l
Roselle-A Freeze ddH20 AFW 0.36 0.35 0.29
Roselle-A Hot-Air ddH20 AHW 0.40 0.38 0.23
Roselle-A Freeze 70% Ethanol AFE 0.35 0.35 0.30
Roselle-A Hot-Air 70% Ethanol AHE 0.37 0.36 0.27
Roselle-B Freeze ddH20 BFW 0.13 0.16
Roselle-B Hot-Air ddH20 BHW 0.16 0.18
Roselle-B Freeze 70% Ethanol BFE 0.11 0.31
Roselle-B Hot-Air 70% Ethanol BHE 0.19 0.30
Roselle-C Freeze ddH20 CFW 0.08 0.10
Roselle-C Hot-Air ddH20 CHW 0.11 0.11
Roselle-C Freeze 70% Ethanol CFE 0.09 0.30
Roselle-C Hot-Air 70% Ethanol CHE 0.17 0.28
Roselle-D Freeze ddH20 DFW 0.08 0.09
Roselle-D Hot-Air ddH20 DHW 0.16 0.17
Roselle-D Freeze 70% Ethanol DFE 0.13 0.33
Roselle-D Hot-Air 70% Ethanol DHE 0.21 0.31
Roselle-E Freeze ddH20 EFW 0.03 0.05
Roselle-F Hot-Air ddH20 FHW 0.17 0.19
Roselle-E Freeze 70% Ethanol EFE 0.05 0.21
Roselle-F Hot-Air 70% Ethanol FHE 0.43 0.26 0.31

0 0 0

RGB Color Level of Score Range _
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RAFRFTRT RBAOFPRGE
ESRES “,’??ﬁ*ﬁé‘ﬁ?’»;‘,’w‘%ﬂ e (Fif Va4 ) BBIPEE BHT
_':’:T{Bx,, 40°C"’””'—fﬂ N 35"# ° L‘L#E fF 2 E"ni’ %ﬁf:—r ’ /’z A% /ﬁﬁ: fﬁ"/fi’ ‘/] F,% b

2 =

TR AR et A

4 =
TR R AT I 0 A F KRR AFR 9 X T @R R OB o B
B @HAIS- B KRR A F o LR R I E o L R kW
(% 3)e REFRHCRT - 24 Fnk R @it £ 0 ImL ¥

aﬁ@w@ﬂ;oww&mm%éﬁ%ﬁﬁﬁ:aﬁﬁﬁﬁﬁﬁﬁﬁﬁ%%ﬁiii’
& ImL ¥3 % 97 93] 5 0.0394+0.0093g £ iz ¥ B4 (£ 4)> A gLl &
FHEFLA (p<0.001) (M2)-

Dry Weigh (g/mL of Extraction

Label Extraction Solvent  Dry Processing Solution)

Freeze 0.0570
o ddH20 Hot-Air 0.0464
oselle- Freeze 0.0502
70% Ethanol Hot-Air 0.0292
Freeze 0.0621
Rosello.B ddH-0 Hot-Air 0.0522
oselle- Freeze 0.0561
70% Ethanol Hot-Air 0.0293
Freeze 0.0576
Roselle.C ddH-0 Hot-Air 0.0679
oselle- \ Freeze 0.0377
70% Ethanol Hot-Air 0.0383
Freeze 0.0525
o ddH20 Hot-Air 0.0445
oselle- Freeze 0.0273
70% Ethanol Hot-Air 0.0343
Freeze 0.0604

Roselle-E e e
70% Ethanol :::)ef;:. 00498

4dH0 Freeze
2 Hot-Air 0.0491

Roselle-F Freeze
70% Ethanol Hot-Air 0.0480

=-Al -
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H 3 A=y, A . ) N RE o L7 N
4, BA FLRERE P EBRICE VR o

Dry Weight (g/mL

Dry Processing Samples ddH.,0 0% Ethanol
Roselle-A 0.0570 0.0502
Roselle-B 0.0621 0.0561
Freeze Roselle-C 0.0576 0.0377
Roselle-D 0.0525 0.0273
Roselle-E 0.0604 0.0438
Roselle-A 0.0464 0.0292
Roselle-B 0.0522 0.0293
Hot-Aiir Roselle-C 0.0679 0.0383
Roselle-D 0.0445 0.0343
Roselle-F 0.0491 0.0480
Mean 0.0550 0.0394
SD 0.0070 0.0093
p-value? 0.0002

a: 4]+ student t-test 3| p & -

Comparison- Dry Weigh from Different
Extraction Solvent

0.07 kK

0.06

0.05

0.02

0.01

0.0394

0.00

ddH20 70% Ethanol
Extraction Solvent

Bl 2. 2 I A4l FE PR g E o ¥ E4p 5 p £<0.001 -
gkl AR T AR e R A B R E B R s 4 B 5 0.0579+0.0033g
1 0.0520+0.0083g(# 5) > & % £ £ 7 & 4 ¥ L & (p>0.05) (] 3) > @ 7 F icf WAz » #7
1@ it A 5 EPE E Bk cngs i 4 4 B 5 0.0430£0.0100g fr 0.0358+£0.0070g (% 5) A
L2772 AP E L hR & (P>0.05) (R 3) -
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Dry Weight (g/mL)
Extraction Solvent ddH,O 70% Ethanol

Dry Processing Freeze Hot-Air Freeze Hot-Air
Roselle-A 0.0570 0.0464 0.0502 0.0292
Roselle-B 0.0621 0.0522 0.0561 0.0293
Samples Roselle-C 0.0576 0.0679 0.0377 0.0383
Roselle-D 0.0525 0.0445 0.0273 0.0343

Roselle-E 0.0604 0.0438
Roselle-F 0.0491 0.0480
Mean? 0.0579 0.0520 0.0430 0.0358
SD 0.0033 0.0083 0.0100 0.0070
p-valueP 0.1117 0.1362

a: T@miEt %Lé' %z Roselle-A 3] Roselle-F - b : 4] * student t-test » 14 & 2 #71F Flenp & >
#edp R & 7 Roselle-A 3 Roselle-D - it it {7 et 438 P a4 % %k o

Dry Weight Comparison-
Different Extraction Solvent

0.0430 0.0358

Freeze Hot-Air Freeze Hot-Air

ddH20 70% Ethanol

Bl 3. * BARZ 0% > ok A FZIB RO E o

FUAAEFERBEATELS 0 AR ER SR TEIRA FEERRICE

~
S

TOEIILER R ER O A FEE SRR TR A A F R
6) fd A E T E I A F LRI BR A z?;mau U TaE i 4
0.0579+0.0033g fr 0.0430+0.0100g » & ¥ A 53t & FTHEFLE (p<0.01) (%6
fr®l 3): 5d FH pp Aok WAL T *"J i Al RSBk B A I PR
# £ £ 3 0.0520£0.0083g = 0.0358+0.0070g » & KL B p ez F 1 - LG MF LD

(p<0.05) (% 6 frB 3) - FRm % » BH F RFBR A NF ST ERGERN F
FREPR RGOS - 2P REFFEE IS ARG o

N

i
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F 6. A FAEARIEE S A R F BRI NT BRI E o

Dry Weight (g/mL

Dry Processing Freeze Hot-Air
Extraction Solvent ddH20 70% Ethanol ddH20 70% Ethanol

Roselle-A 0.0570 0.0502 0.0464 0.0292

Roselle-B 0.0621 0.0561 0.0522 0.0293

Roselle-C 0.0576 0.0377 0.0679 0.0383

Samples

Roselle-D 0.0525 0.0273 0.0445 0.0343
Roselle-E 0.0604 0.0438

Roselle-F 0.0491 0.0480

Mean? 0.0579 0.0430 0.0520 0.0358

SD 0.0033 0.0100 0.0083 0.0070

p-valueb 0.0081 0.0154

e
a: TizE3- 5 & ¢ 7 Roselle-A 1] Roselle-F - b : . 4]* studentt-test ¢ =iy $& T 7 Flehp & > #df KR & ¢ 7 Roselle-A
% Roselle-D » it it {7 fie§f - 38 p ey 4 5 kiR o

Dry Weight Comparison-
_ Different Dry Processing
é 0.07
3 0.06
©

3 0.02

5 0.01

‘T 0.0430 0.0358

= 0.00

g‘ ddH20 70% Ethanol ddH20 70% Ethanol
Freeze Hot-Air

B 4. % gt 2T 0 A RSP SR nic € o R 5 p <0010 *RIR

ip = p E<0.05

RAFELEBRE FREPRTET T ER
BORIRREA FE RO a4 # i‘f DPPH p o feig 4 N 4 Hing
fLind o d s & CLEER 34/'?‘“% DPPH p d fheig 4 B Sqpgras 2 C
Atk DPPH pd fhenitd chf £ 45 Tt % C § £42F i 4 (Vitamin C
equivalent antioxidant capacity, VCEAC ) ;> ¥ i+ 5 mg a4 % Clg ehE B4 (£ 7 %
HZeEF O EPpay b pga s b asahid F CHF it s ) Vb 3
—iﬁ?% ﬁ?DPPHgﬂé DA PR AWt T BOR AR (40°C) T g
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p—

Bk TE IR EA S P bhirEdcd = o B R FEPORGCH T AR

—n

A ddH,0 » A A R Ao g i5 > 12 0.22um B R B E 0 T 1 -80°C o

A FE PRy a4 B < VCEAC (B 5) > AR FC D
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Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air

ddH20 ddH20 70% 70% ddH20 ddH20 70% 70% ddH20 ddH20 70% 70% ddH20 ddH20 70% 70% ddH20 ddH20 70% 70% ddH20 ddH20 70% 70%
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7. A RENFZPRORAZCH EFE tiv 4 (VCEAC) 71 %

Source v A o k-4 /g o2 e
Sample Label Roselle-A Roselle-B Roselle-C
Solvent ddH,O 70% Ethanol ddH,O 70% Ethanol ddH,0 70% Ethanol

Drying Processing Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air
2159 16.09 10.62 40.79 26.06 20.64 19.88 46.66 28.80 19.28 34.21 20.00

VCEAC (mg Vit.C/g) | 17.85 17.76 12.17 46.09 23.88 23.98 17.46 34.75 23.07 23.28 3523 2253
20.91 14.83 946 5405 27.62 2361 17.81 43.35 2846 2356 31.12 25.07

Mean of VCEAC  20.116 16.225 10.749 46.979 25.854 22.742 18.383 41.588 26.780 22.039 33.520 22.535

SD of VCEAC 1.626 1.198 1.107 5451 1536 1.497 1.069 5.021 2.624 1.956 1.748 2.067

Source o k-4 B -8 -1 2
Sample Label Roselle-D Roselle-E Roselle-F
Solvent ddH,O 70% Ethanol ddH,0O 70% Ethanol ddH,0 70% Ethanol

Drying Processing Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air Freeze Hot-Air

30.44 3422 45.07 11.01 30.01 55.16 39.07 16.55

VCEAC (mg Vit.C/g) | 28.60 35.52 46.49 8.19 33.55 48.52 45.39 18.16
30.81 32.04 5145 20.05 30.66 52.50 41.44 24.62

Mean of VCEAC  29.951 33.925 47.669 13.084 31.406 52.061 41.966 19.779
SD of VCEAC 0.968 1.438 2.738 5.058 1.536 2.731 2.604 3.487

\

F 8. 2P EcHE > VT R Ap e B R ATIE B et A F X B VCEAC 4 BB i
(%] )e

Freeze vs. Hot-Air

ddH20 70% Ethanol
Roselle-A 1.24 4.37
Roselle-B 1.14 2.26
Roselle-C 1.22 1.49
Roselle-D 1.13 3.64

9. AR EPART AP ICE S N ATE D g A FE B VCEAC ehE 8 (=
o )o

ddH20 vs. 70% Ethanol

Freeze Hot-Air
Roselle-A 1.87 2.90
Roselle-B 1.41 1.83
Roselle-C 1.25 1.02
Roselle-D 1.59 2.59
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