
 

 

 
Abstract—Consumers are demanding novel beverages that are 

healthier, convenient and have appealing consumer acceptance. The 
objectives of this study were to investigate the effects of adding grape 
polyphenols and the influence of presenting health claims on the 
sensory acceptability of wines. Fresh red sorrel calyces were 
fermented into wines. The total soluble solids of the pectinase-treated 
sorrel puree were from 4°Brix to 23.8°Brix. Polyphenol in the form 
of grape pomace extract was added to sorrel wines (w/v) in specified 
levels to give 0. 25. 50 and 75 ppm. A focus group comprising of 12 
panelists was use to select the level of polyphenol to be added to 
sorrel wines for sensory preference The sensory attributed of the 
wines which were evaluated were colour, clarity, aroma, flavor, 
mouth-feel, sweetness, astringency and overall preference. The sorrel 
wine which was most preferred from focus group evaluation was 
presented for hedonic rating. In the first stage of hedonic testing, the 
sorrel wine was served chilled at 7°C for 24 h prior to sensory 
evaluation. Each panelist was provided with a questionnaire and was 
asked to rate the wines on colour, aroma, flavor, mouth-feel, 
sweetness, astringency and overall acceptability using a 9-point 
hedonic scale. In the second stage of hedonic testing, the panelist 
were instructed to read a health abstract on the health benefits of 
polyphenolic compounds and again to rate sorrel wine with added 25 
ppm polyphenol. Paired t-test was used for the analysis of the 
influence of presenting health information on polyphenols on hedonic 
scoring of sorrel wines. Focus groups found that the addition of 
polyphenol addition had no significant effect on sensory color and 
aroma but affected clarity and flavor. A 25 ppm wine was liked 
moderately in overall acceptability. The presentation of information 
on the health benefit of polyphenols in sorrel wines to panelists had 
no significant influence on the sensory acceptance of wine. More 
than half of panelists would drink this wine now and then. This wine 
had color L 19.86±0.68, chroma 2.10±0.12, hue° 16.90 ±3.10 and 
alcohol content of 13.0%. The sorrel wine was liked moderately in 
overall acceptability with the added polyphenols.  

 
Keywords—Sorrel wines, Roselle Hibiscus sabdariffa L, novel 

wine, polyphenols, health benefits, physicochemical properties. 

I.INTRODUCTION 

ORREL or roselle (Hibiscus sabdariffa L. belongs to the 
family Malvaceae [1]. The brilliant red pigments in sorrel 

calyces contain anthocyanins [2], [3]. Anthocyanins are the 
major sources of antioxidant capacity in sorrel extract and 
have been shown to exhibit substantially more antioxidant 
activity than ascorbic acid [4]. The findings of a study support 
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the ethno-medicinal use of sorrel in the treatment of 
cardiovascular disease and hypertension [5]. The ethanolic 
extract of dried sorrel strong hypolipidemic as well as 
antioxidant properties in alloxan-induced diabetic rats could 
be useful in preventing the development of atherosclerosis and 
possible related cardiovascular pathologies associated with 
diabetes [6] which could be useful in preventing the 
development of atherosclerosis and possible related 
cardiovascular pathologies associated with diabetes. 

Polyphenols have antioxidant properties [7] and are most 
Polyphenols have antioxidant properties [7] and are most 
abundant in the diet [8]. There is evidence to strongly support 
the contribution of polyphenol to the prevention of 
cardiovascular diseases [9], cancers, and osteoporosis and 
suggests a role in the prevention of neurodegenerative diseases 
and diabetes mellitus [10]. In a study of phenol compounds as 
natural antioxidants in red grape wine suggest that phenolic 
components could be an important contributor to the 
protective action due to antioxidant activity and do not 
exclude the possibility of synergistic action among different 
classes of polyphenols [11].  

Due to the potential health benefits, sorrel is gaining more 
attention in the food processing industry. In the West Indies, 
tropical Africa, Philippines and Indonesia, sorrel calyces are 
utilized in refreshing drinks, non-alcoholic drinks (soborodo), 
tea, syrups, puddings, condiments, colorants, sauces, wines, 
leathers and yoghurts, reduced calorie-jam [12]-[22]. The 
addition of polyphenol could further add to the health benefits 
of sorrel wines. However, many polyphenols have a taste and 
may affect color [23] and consumers now want both the health 
benefits and sensory acceptable food products.  

Many studies have suggested that presenting nutritional or 
health information can, but does not always influence sensory 
responses [24]-[27]. Therefore, the objectives of this study 
were to investigate the effects of adding polyphenol to sorrel 
wines on physicochemical and sensory properties and 
influence of providing health claims on polyphenols on their 
sensory acceptance and to characterize the physicochemical 
characteristics. 

II. MATERIALS AND METHODS 

A. Processing of Wines  

Fresh red sorrel calyces were fermented into wines as 
previously described [17]. Modifications to the method 
included adjustment of the total soluble solids (TSS) of 
pectolase-treated sorrel puree from 4°Brix to 23.8ºBrix with 
granulated sucrose (Caroni Ltd, Couva, Trinidad, West 
Indies), and application of wine yeast (Côte de Blancs active 
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dry wine yeast, Red Star, Lessaffre Yeast Corporation, 
Milwaukee, Wisconsin, USA) at (0.16% w/v).  

Polyphenol in the form of grape pomace extract 
(MegaNatural ® GSKE, PIN# GK2000, Polyphenolics, 
Madera, California, Madera) was donated from the company 
and added to sorrel wines (w/v) in specified levels to give 0. 
25. 50 and 75 ppm. Grape by-products contain large amounts 
of phenolic compounds, mostly flavonoids at high 
concentrations of 1000-1800 mg/L [28]. Addition of 
polyphenol to wines was done 24 hours prior to focus group 
evaluation and hedonic testing. 

B. Focus Group Evaluation 

Focus groups provide an insight into consumer’s preference 
and defined the critical attributes of a product [29] such as 
sorrel wine. The focus group selected the most appropriate 
level of polyphenol to be added to sorrel wines for sensory 
preference. It also provided an early assessment of the 
prototypes [30], the sorrel wines with 0, 25, 50 and 100 ppm 
polyphenol. The focus group method utilized small groups of 
8-12 consumers to obtain reactions, both positive and negative 
to products [31]. This group was comprised of 12 panelists (5 
males and 7 females) who were willing to participate in the 
evaluation of the sorrel wines. The panelists self-reported that 
they were in good health and had previously consumed sorrel 
drinks and alcoholic wines. The wines were three-digit coded 
using random numbers. The control sorrel wine (0% 
polyphenol) was presented to the panelists first followed by 
three other wine samples (25, 50, 100 ppm) in a balanced 
order. The session was conducted around a round table. The 
moderator asked several leading questions based on the 
characteristics of the wines such as the color, clarity, aroma, 
flavor, mouth-feel, sweetness, astringency and overall 
preference. The reactions of panelists were observed and 
comments from the panelists were transcribed. By consensus, 
the most preferred wine chosen by the panelists, which was 
further evaluated by hedonic testing?  

C. Hedonic Testing 

The sorrel wine (i.e. 25 ppm polyphenol) which was 
preferred from focus group evaluation was presented for 
hedonic rating. The consumer acceptance test is a small panel 
test, usually involving only 50 -100 panelists [32]. The panel 
comprised of 50 volunteer panelists (26 males; 24 females) of 
age ranges 18-25 yrs (24%), 26-45 yrs (60%) and over 45 
years (6%) who were academics, students or employees of the 
University of the West Indies. Initial assessor selection criteria 
were based on personal interest, availability and having 
previously consumed sorrel drink and wines. This research 
was approved by the Department of Agricultural Economics 
and Extension.  

In the first stage of hedonic testing, the sorrel wine (25 
ppm) was chilled at 7ºC for 24 h prior to sensory evaluation. 
Each panelist was served 30-35 ml of chilled wine [33]. Wines 
were coded with random three-digit number and served in 
clear 50 ml shot glasses. Wines were presented in a balance 
order to panelists and served with crackers, cheese and water. 

Each panelist was provided with a questionnaire and was 
asked to rate the wines on color, aroma, flavor, mouth-feel, 
sweetness, astringency and overall acceptability using a 9-poin 
hedonic scale [34] (1-dislike extremely, 2-dislike very much, 
3-dislike moderately, 4-dislike slightly, 5-neither like nor 
dislike, 6-like slightly, 7-like moderately, 8-like very much, 9-
like extremely).  

In the second stage of hedonic testing, the same sorrel wine 
(i.e. 25 ppm polyphenol) as in the first stage of hedonic testing 
was again presented to panelists but coded with a different 
random three-digit code. Before sensory evaluation of the 
wine, panelist were instructed to read a health abstract on the 
health benefits of polyphenolic compounds. This health 
abstract read as follows: 

 ‘Polyphenols are the most abundant antioxidants in 
the diet. Antioxidants prevent substances from being 
converted into harmful oxidized chemical states, 
including low density lipoprotein known as LDL or bad 
cholesterol. Antioxidants help to reduce the level of LDL 
thus reducing the risk of cardiovascular diseases. 
Evidence from studies indicated that polyphenols 
contribute to the prevention of cardiovascular diseases, 
cancers and osteoporosis’.  

 
TABLE I 

AWARENESS OF POLYPHENOLS 

Questions  
Responses,% 

 n= 50 
Have you heard of polyphenols?  

yes 42 

no 58 

Do you know of any health benefits of polyphenols?  

yes 24 

no 34 

do not know 18 

no response  24 

State the health benefits   

no response 76 

prevented heart disease 12 

as antioxidants 12 

 
TABLE II 

CONSUMPTION INTENT TOWARDS DRINKING OF NOVEL POLYPHENOL 

ENRICHED SORREL WINES 

Options  % Responses 
I will drink this novel polyphenol-enriched sorrel wine, every 
opportunity I had  

16 

I will drink this novel polyphenol- enriched sorrel wine, very 
often 

4 

I will frequently drink this novel polyphenol-enriched sorrel 
wine  

0 

I like this and will drink this novel polyphenol-enriched sorrel 
wine, now and then  

54 

I will drink this novel polyphenol-enriched sorrel wine, but will 
not go out of my way 

20 

I do not like it but will drink this novel polyphenol-enriched 
sorrel wine, on an occasion 

4 

I will ‘hardly ever’ drink this novel polyphenol-enriched sorrel 
wine  

2 

I will drink this novel polyphenol-enriched sorrel wine, only if 
there were no other drink choice 

0 

I will drink this novel polyphenol-enriched sorrel wine, only if I 
were forced to  

0 
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After reading of the health abstract on the benefits of 
polyphenols, panelists were instructed to rate the wine samples 
using hedonic scoring as previously performed in the first 
stage of hedonic testing. Also, the panelists were asked 
questions in respect to their knowledge of polyphenols (Table 
I). In addition, they were asked questions relating to their 
intent of drinking the sorrel wine with 25 ppm polyphenol 
(Table II).  

D. Physicochemical Analysis  

Color of fresh sorrel calyces and polyphenol-enriched sorrel 
wines was measured using a Minolta chroma meter (Chroma 
Meter CR 200b, Minolta Corporation Head Office Meter 
Division, Ramsey New Jersey, USA). The instrument was 
standardized with a white tile (L=92.6, a=0.3137, b=0.3209). 
At least three reading per sample was take and for each 
reading, the ‘L’, ‘a’ and ‘b’ values were recorded. The ‘L’ 
value represented the lightness of color, the higher the value, 
the lighter the color, negatives ‘a’ represented greenness and 
positive ‘a’ represented redness. A positive ‘b’value 
represented blueness and negative ‘b’ represented yellowness. 
The combinations of the values were described 
mathematically. Hue angle (Hº) and chroma (C) were derived 
from the respective formulae [14] Chroma represented color 
saturation from dull (low value) to vivid color (high value). 
Hue denotes the shade or tint of wines [33]. For most colors, 
the brightness increases, the chroma increases as well, except 
with the very light colors. Hue angle was measured as 
described [44].  

The hue angle (Hº) of 0, 45, 90, 180 and 270 represented 
bluish red-purple, red, and orange, yellow, green and blue 
respectively [35].  

The pH of the sorrel puree and sorrel wines was measured 
electronically with an Orion pH meter (Orion SP 301, Thermo 
Orion, USA).The total soluble solids (TSS) expressed as oBrix 
was determined using a refractometer (Eclipse hand-held 
refractometer, Bellingham and Stanley, UK). A drop of the 
samples was placed on the refractory surface and ºBrix value 
was taken. At least three readings per sample were taken. 
Total titratable acidity (TTA) was expressed as % citric acid, 
after titration of 10 ml of sample with 0.1N NaOH with 
phenolphthalein as indicator according to # 962.12 [36].The 
alcohol content (%, v/v) of the sorrel wines was measured 
from the specific gravity according to # 11.005 on 100 ml of 
sorrel wine [36](AOAC, 1990). Clarity of the sorrel wines was 
expressed in nephelometric turbidity units (NTU) by using a 
turbidimeter (LaMotte 2020, Chestertown, USA).  

E. Microbiological Analysis 

Total aerobic plate counts, yeasts and moulds and lactic 
acid bacteria were enumerated on plate count agar (PCA, 
Oxoid, and Basingstoke, England), potato dextrose agar (PDA, 
Oxoid) and tomato juice agar (TJA, Oxoid). The pour plate 
technique was used for enumeration of microorganisms on 
PCA and PDA plates, while the spread plate technique was 
applied to TJA plates. Plates were incubated at 35oC for 48 h. 
Plates between 30 and 300 colonies were counted [37] as CFU 

ml-1 and converted log 10 cfu ml-1.  

F. Experimental Design  

The experiment design comprised of four treatments sorrel 
wines with 0, 25, 50 and 100 ppm polyphenol. Qualitative 
sensory evaluation of sorrel wines with 0, 25, 50 and 75 ppm 
polyphenols was performed by focus groups. The preferred 
sorrel wine (25 ppm polyphenols) was analyzed for 
physicochemical, microbiological and sensory evaluation by 
hedonic testing one week after bottling and for 
physicochemical and microbiological 6 weeks at 24°C after 
bottling. 

G. Statistical Analysis 

Statistical analysis was performed using Minitab Statistical 
software, version 14 for windows. Means were represented 
with ± standard errors (SE). Paired t-test determined whether 
the panelists were influenced by presentation of health 
information on polyphenols on hedonic scoring of sorrel wines 
and independent T-test conducted to investigate the effects of 
storage on physicochemical properties of polyphenol-enriched 
wines.  

III. RESULTS AND DISCUSSION  

A. Qualitative Characteristics of Wines 

The control sorrel wine (0 ppm polyphenol) was attractive 
red, had pleasant aroma, well liked sorrel flavor, smooth 
mouth-feel with no jarring effect or sharp change, no 
noticeable astringent and bitter taste. However, there were 
differing opinions by panelists as to the sweetness of this 
wine, as it was perceived as dry and felt that the TSS content 
should be higher being acquainted to the seasonal popular 
sorrel drinks around Christmas time. With all the sensory 
characteristics evaluated, the focus group rated this wine as 
being most preferred of all wine treatments. 

In reference to the control wine (0 ppm polyphenol), the 
addition of 25 ppm polyphenol to sorrel wine did not alter 
color, aroma and flavor. However, it was less clear, had 
slightly rough mouth-feel and slightly astringent. Astringency 
is described as a puckering, rough, or drying mouth-feel 
sensation [23]. The sweetness of this sorrel wine was 
perceived to be equivalent to the control sorrel wine. The 
focus group reported that wine with 25 ppm polyphenols was 
lower in preference in comparison to control sorrel wine, 
taking into the evaluation all the sensory characteristics.  

The overall preference of sorrel wines declined with 
increasing polyphenol additions (i.e. 50 ppm and 100 ppm). 
The phenolic compounds consist primarily of flavonoid and 
non-flavonoid monomers [33], which exert a marked influence 
on taste and mouth-feel. Alone, or in combination, they 
generate a very large group of polymers called tannins [12]. 
Flavonoid tannins constitute the major phenolic compounds in 
red grape wines. The color and aroma of the polyphenol-
enriched sorrel wines remained unaltered in comparison to 
control wines (0ppm). With increasing addition of 
polyphenols to sorrel wines, clarity decreased (more cloudy), 
sorrel flavor became masked, mouth-feel was more rough, 
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bitterness and astringency were highly detectable and wines 
tasted less sweet. It was reported that when consumers liked 
red grape wines, they did not use bitter as a descriptor since it 
expressed dislike and tend to associate it with acid and 
astringent sensory characteristics [23]. These authors reported 
that learning to like astringent red wines may require repeated 
exposure and consumption under positive conditions. Based 
on consensus by focus group, the maximum addition of 
polyphenols to wines was at 25 ppm (w/v).  

B. Hedonic Scores  

The reading of the abstract on the health benefits on 
polyphenols by panelists did not (P>0.05) influence the 
hedonic scores given to sorrel wine (25 ppm polyphenol). This 
may have been due to the initial (before reading the health 
abstract) high hedonic scores (6.22-8.02) given to the sorrel 
wine. In another related study, it was found that the 
presentation of health benefits on sorrel calyces to panelists 
had no influence the hedonic scores on all sensory attributes of 
sorrel leather [19]. It was found that after a brief education 
program on the benefits of cranberry did not influence the 
acceptance of 100% cranberry juice [38]. This could have 
been due to the dislike for the extremely sour and bitter taste 
of the juice. Unlike our study, a study on consumer attitudes 
and acceptability of soy-fortified yogurt found that after being 
informed of the health benefits of fortifying yogurts with soy, 
acceptability scores were enhanced indicating that nutritional 
concerns took precedence over sensory attributes [39]. 
Consumer responded to an off-flavor in juice in the presence 
of specific health claims by higher overall liking scores [40]. 
Fig. 1 shows that clarity and color were rated with the highest 
average hedonic score. 

 

 

Fig. 1 Hedonic Scores of Sorrel Wines (25 ppm polyphenol) 
 
The hue ° indicates shows that the wine was red (Table III) 

which was liked very much (7.85/9/0) by panelists. 
Astringency was rated with the lowest score (6.22/9.0), being 
liked slightly too moderately. Also, the focus group evaluation 
had indicated that sorrel wines became increasingly astringent 
on increasing addition of polyphenols to wines. The wine was 
liked moderately in overall acceptability. The most important 
sensation perceived during wine consumption is astringency 

[41]. This sensation is mainly elucidated by flavonoid 
polyphenols [42].  

C. Storage Changes in Physicochemical Characteristics  

Table III shows significant changes in color, clarity and 
microbial growth on storage of sorrel wines at 24°C for 6 
weeks. From the initial color of sorrel wines, hue became 
more (P<0.01) red (lower hueo), and ‘L’ became darker 
(P<0.01; higher ‘L’). In another study, color of sorrel wine 
also became redder (P<0.01) on storage at 23oC for 2 months 
[17]. The pH has a marked influence on color of anthocyanins 
in aqueous media [43], [44]. The pH of sorrel wines was 
acidic (3.59 ±0.03). Acidic pH favors the appearance of the 
colored forms: the flavyium cation, AH which is red [45], 
[46].  

Research on sorrel sauces [15] has found that color became 
less dark and less red on storage at 20oC for 6 weeks. It was 
observed that the sorrel pigment is stable during normal 
preparation and storage of foods at 23ºC and 25ºC [13].  

 
TABLE III 

EFFECT OF STORAGE ON PHYSICOCHEMICAL AND MICROBIOLOGICAL 

CHARACTERISTICS OF * SORREL WINE 

Physicochemical 
Week 0 after 

bottling 
Week 6 after 

bottling 
P 

Color    

‘L’ 19.86±0.68 17.05±0.25 0.01 

Chroma 2.10±0.12 2.21±0.14 0.56 

Hue 16.90 ±3.10 5.88±0.87 0.01 

TSS, °Brix 6.30±0.48 6.40±0.48 0.78 

TTA, % citric acid 0.57±0.09 0.52±0.00 0.57 

Clarity, ntu 69.00±18.4 2.78±0.30 0.04 

Alcohol, % 12.96±0.13 12.86±0.13 0.54 
Microbiological, log 10 

cfu ml-1 
 
 

 
 

 
 

PCA 4.33±1.11 nil growth 0.01 

PDA 2.80±1.08 nil growth 0.04 

TJA 2.18±0.56 nil growth 0.04 

* 25 ppm polyphenol 
  

The total titratable acidity content did not vary on storage 
(Table III). The organic acids found in raw sorrel calyces were 
citric acid, d-malic acid, hibiscic acid, indolyl-acetic acid, 
tartaric acid and oxalic acid [47]-[49]. Alcohol did not vary 
(P>0.05) on storage (Table III). 

D.  Awareness of Polyphenols and Purchase Intent 

Only 42% of panelists had heard of polyphenols (Table I). 
Of the 24% of panelists who knew of the health benefits, 12% 
related polyphenols for prevention of cardiovascular diseases 
and 12% as antioxidants. More than half of panelists liked the 
enriched sorrel wine and will drink now and then (Table II). 
Studies have shown that consumer preferences for novel foods 
increase with exposure due to reduction in neophobia can 
increase in familiarity [50].  

IV. CONCLUSION 

The results indicated that addition of 25 ppm polyphenol to 
sorrel wine resulted in no significant detectable sensory 
changes in color and aroma in reference to control sorrel wine, 
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but was slightly more astringent. Color and clarity were liked 
very much and overall acceptability was liked moderately. 
Also, presenting information on the health benefits of 
polyphenols did not change the sensory acceptance of the wine 
attributes. The findings of this study could encourage the 
enrichment of sorrel wines with polyphenols for added health 
benefits. There is a need for education on the health benefits 
of polyphenols since more than three-quarter of panelists were 
unaware. Also, it has been suggested that providing consumers 
with specific health and formulation information, in addition 
to using exposure as a means to familiarize consumers with 
sensory attributes may have significant effects on consumer 
acceptance of functional food (e.g. probiotic orange juice) and 
thereby have important research and commercial applications 
[51]. 
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