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ABSTRACT:  24 

Ginger is attributed with beneficial bioactivities. The aims of this study were to analyse the 25 

bioactive compounds in commercial ginger powders, and assess acceptability and satiety 26 

responses to ginger-enriched wheat pasta in healthy human volunteers. Powders were 27 

extracted with methanol and extracts analysed by HPLC-UV/LC-MS. Results indicated that 6-, 8-, 28 

10-gingerol, 10-shogaol were the principal bioactive components. The liking of pasta enriched 29 

with 1%, 3% and 5% (w/w) ginger powder was evaluated for four sensory attributes and overall 30 

liking using a 9-point hedonic scale. All pasta products were generally liked to a similar extent to 31 

the control, with the exception of the liking for colour of the pasta with 5% ginger (p<0.02). Ten 32 

healthy subjects consumed two samples of equal weight: control and ginger enriched pasta 33 

(3%), on two occasions. Subjective feelings of satiety were assessed pre-consumption, 34 

immediately after and for two hours post-consumption using a 7-point intensity scale analyzed 35 

using Rasch modelling. Results show that the ginger pasta sample had a similar satiety response 36 

compared to the control pasta up to two hours after consumption. In conclusion, ginger-37 

enriched pasta is generally accepted by consumers, but not does not lead to higher satiety 38 

compared to the control. 39 

Practical Application: 40 

- Gingerols are the main bioactive components in commercial ginger powders. 41 

- Ginger-enriched pasta is well accepted by consumers from a sensory point of view. 42 

- Ginger-enriched pasta does not lead to higher satiety compared to control pasta. 43 

 44 
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1 Introduction 48 

Ginger, the rhizome of the perennial plant Zingiber officinale Roscoe, is one of the most widely 49 

used spices around the world (Raquel Sehn, De Cássia Nogueira, & Steel, 2015). The popularity 50 

of ginger is due to its distinctive pungency and aroma (Mancini et al., 2017). Ginger powder is the 51 

most important form in international trade, used as an ingredient in food processing (Salmon et 52 

al., 2012). Apart from being used as a spice, ginger has a long history in traditional medicine for 53 

thousands of years in China and India (Ok & Jeong, 2012; Salmon et al., 2012). It is traditionally 54 

used to treat gastrointestinal and rheumatic disorders (Afzal, Al-Hadidi, Menon, Pesek, & Dhami, 55 

2001). There is also evidence that ginger has anti-inflammatory, anti-oxidative and anti-obesity 56 

activities and these effects are attributed to the bioactive components such as gingerols, 57 

flavonoids and phenols (Nicoll & Henein, 2009; Rahmani, Shabrmi, & Aly, 2014). 58 

Gingerols and shogaols are two main bioactive compounds in ginger (Figure 1). Gingerols are 59 

responsible for the pungency of ginger. They exist as 6, 8-, and 10-gingerols with different length 60 

of unbranched alkyl chains. Gingerols have been shown to elicit various physiological effects 61 

(Semwal, Semwal, Combrinck, & Viljoen, 2015). Among gingerols, 6-gingerol (1-4’-hydroxy-3’-62 

methyoxyphenyl-5-hydroxy-3-decanone) is the most abundant constituent in fresh ginger (Figure 63 

1A). However, it decreases during thermal processing and post-harvest storage (Swapna Sonale 64 

& Kadimi, 2014). Regarding shogaols, their structure is similar to gingerol but with a 4,5-double 65 

bond, resulting from the elimination of 5-hydroxy group (Figure 1B)  (Dugasani et al., 2010; 66 

Swapna Sonale & Kadimi, 2014). Present in low concentrations in fresh ginger, shogaol content 67 

will increase when gingerols are exposed to heat, acid or other conditions which allow the alkene 68 

to form (Astrup et al., 2010; Bhattarai, Tran, & Duke, 2001). It is reported that shogaols are even 69 



more pungent than gingerols and 6-shogaol has more potent pharmacological effects than 6-70 

gingerol (Dugasani et al., 2010; Pan et al., 2008).  71 

The incidence of obesity has increased steadily worldwide over recent decades. It is a major risk 72 

factor for many diseases, including diabetes, cardiovascular disease and certain types of cancer 73 

(Heymsfield & Wadden, 2017). One possible strategy to achieve weight management is through 74 

functional bioactive-enriched foods (Bordoni, Boesch, Malpuech-Brugère, Orfila, & Tomás-75 

Cobos, 2019; Sunkara & Verghese, 2014) and satiety-inducing foods in particular (Munekata et 76 

al., 2021). The concept of functional foods includes “food or food ingredients that exert a 77 

beneficial effect on health and/or reduce the risk of chronic disease beyond basic nutritional 78 

functions” (Milner, 2000). There has been increased interest in functional foods due to 79 

consumers’ increased consciousness of the role of healthy eating in disease prevention 80 

(Charalampopoulos, Wang, Pandiella, & Webb, 2002). Enriching staple foods with bioactive 81 

functional ingredients that promote satiety could be an effective strategy to help in weight 82 

maintenance with a sustainable effect in the long term.  83 

Evidence has shown to suggest that the bioactive compounds found in ginger (gingerol and 84 

shogaol) could affect energy balance, leading to effective weight management (Astrup et al., 85 

2010). Several animal studies have reported that supplementing mice fed high fat-diet with 86 

different forms of ginger extracts significantly reduced their food intake, compared to control 87 

mice, resulting in weight loss (Kadnur & Goyal, 2005; Nammi, Sreemantula, & Roufogalis, 2009; 88 

Zuberi & Browning, 2009). Ginger has also been shown to reverse the delay in gastric emptying 89 

in rats leading to the acceleration of the gastrointestinal transit time (Gupta & Sharma, 2001; 90 

Sharma & Gupta, 1998). Furthermore, perfusion of rat hind-limbs with ginger extracts increased 91 



oxygen consumption and thermogenesis activity (Eldershaw, Colquhoun, Dora, Peng, & Clark, 92 

1992). However, evidence from human studies is inconsistent. One study has found that the 93 

consumption of ginger capsules (total of 1.2 g) increased gastric emptying and motility (Hu, 94 

2011). In contrast, other studies failed to confirm such effects using 1 g doses (Henry & Piggott, 95 

1987). It has been suggested that doses greater than 1-1.2 g of ginger may be necessary to 96 

demonstrate noticeable effects (Mattes, 2005). Findings from a pilot study have revealed 97 

enhanced thermogenesis, reduced feelings of hunger and increased satiety following the 98 

ingestion of a hot ginger beverage (2 g) (Mansour et al., 2012). However, this satiating effect was 99 

not observed in other studies where ginger was consumed in capsule form or as a meal 100 

component (Hu, 2011; Reinbach, Martinussen, & Møller, 2010). More recent studies have 101 

successfully demonstrated a 2% decrease in weight and BMI following the administration of 102 

ginger capsules (2 g/day) for 8 to 12 weeks among overweight and obese women (Ebrahimzadeh 103 

Attari, Ostadrahimi, Asghari Jafarabadi, Mehralizadeh, & Mahluji, 2016; Taghizadeh et al., 2017).   104 

Pasta is a traditional staple food product that is popular because of its ease of cooking, storage, 105 

and nutritional value as a low-glycemic index food (Björck, Liljeberg, & Östman, 2000). We 106 

considered that pasta would be an ideal vehicle for ginger enrichment because of its popularity 107 

(Laureati, Conte, Padalino, Del Nobile, & Pagliarini, 2016). Bioactive enriched staple foods have 108 

been shown to be promising for delivering bioactives to Western populations ( Bub et al., 2019; 109 

Gani, Fearnley, Ho, & Orfila, 2018). The acceptance and sensory experiences such as appearance, 110 

smell, taste and texture of food products are believed to play crucial key in improving satiety and 111 

controlling food intake (McCrickerd & Forde, 2016).  112 



The current study aims to identify and quantify the bioactive components in commercial ginger 113 

powders to investigate the effect of ginger enrichment (1%, 3% and 5% w/w) on consumer 114 

acceptability, sensory and satiety responses. It is hypothesized that 6-gingerol and 10-shogaol 115 

are the principle bioactive components in ginger powders and the consumption of ginger-116 

enriched pasta increases satiety, compared to control pasta. 117 

 118 

2 Materials and Methods 119 

2.1 Materials and reagents 120 

Ginger powders (A-E) and ingredients for pasta making were purchased from local stores in 121 

Leeds, UK. All we labelled as being 100% ginger, with no fillers. For quantification, 6-gingerol 122 

standard (CAS: 23513-14-6) with purity higher than 98% was purchased from Insight 123 

Biotechnology. The other chemicals and solvents for chromatography analysis were of HPLC-124 

grade.   125 

2.2 Chromatography analysis 126 

2.2.1 Sample preparation 127 

Ginger powder (0.5 g ± 0.1 mg) was weighed and placed into a 25-mL volumetric flask. Methanol 128 

(20 mL) was added and the mixture sonicated for 60 min at room temperature (22℃). After 129 

sonicating, volume was re-adjusted by adding methanol and the supernatant filtered through 130 

0.45 μm nylon filters and then placed into HPLC vial with caps. Compounds were identified by 131 

HPLC-DAD using the relative retention time, and confirmed by MS (table 1). 132 

2.2.2 Chromatographic conditions 133 



Samples and standards were analyzed by HPLC-DAD-MS (Shimadzu Prominence system with a 134 

binary pump (LC-30AD), autosampler (SIL-30AC), column oven (CTO-20AC), PDA detector (SPD-135 

M20A) and controller (CBM-20A). MS detector is a single quadrupole mass spectrometer 136 

(Shimadzu LCMS-2020), using electrospray ionization. The method was run in both positive and 137 

negative mode scans (200-400 m/z), as well as positive and negative SIM mode. m/s values 138 

monitored were (-ve/+ve) 265/267, 293/295, 321/323, 377/379, 275/277, 303/305, 331/333 and 139 

359/361. Samples (20 μL) were injected using the autosampler into a YMC-Pack Pro C18 column 140 

(4.6×250 nm, 5 μm, 120 A). The column temperature was set to 30 ℃ and the flow rate was 1.0 141 

mL/min. The injection volume was 20 μL. Water (A) and Acetonitrile (B) were used as eluents and 142 

the gradient elution had the following profile: 0-8 min, 45% B; 8-15 min, 50% B; 15-40 min, 55% 143 

B; 40-45 min, 90% B; 45-55 min, 45% B. 144 

 145 

2.3 Ginger-enriched pasta preparation 146 

Ginger-enriched pasta was made using commercial pasta flour (strong wheat flour labelled 00 147 

according to industry standards), distilled water and ginger powder (sample C). This sample was 148 

the most polular and readily on the UK market, and was therefore chosen for enrichment. Control 149 

pasta was made using 100% of the same pasta flour (w/w) and 50% of water (w/w). Ginger was 150 

incorporated into ginger-enriched formulations by substituting the flour in the following 151 

proportions (w/w): 1%, 3%, and 5%. The ingredients were mixed and kneaded using an electric 152 

mixer (KMC515, Kenwood Ltd., England). The mixture was then extruded into 1 mm thickness 153 

sheets using a manual pasta roller, followed by cutting the sheets into tagliatelle strips of 154 



approximately 7 mm width and 20 cm length using cutting rolls. Negligible amounts of flour were 155 

added during sheeting and rolling to prevent the dough from sticking.  156 

The best drying result was achieved through a two-step process. Pasta strands were hung on a 157 

pasta drying rack at room temperature for about 40 min as a preliminary step to facilitate forming 158 

pasta strands into nests, ensuring they do not stick together. The pasta nests were placed on a 159 

cooling rack and left to air-dry at room temperature for 24 h. Dried samples were packed in 160 

polyethylene bags and stored at room temperature until needed (maximum of 5 days). The 161 

resultant dried product was then tested for moisture content using a moisture analyzer (Mettler 162 

Toledo, HB43-S), in which dried samples achieved the required moisture content of 11% for safe 163 

consumption. 164 

2.5 Cooking procedure 165 

Optimum cooking time (OCT) to achieve complete gelatinization of starch was determined as 13 166 

min, following the AACC 66-50 standards, defined as when the inner white core of pasta 167 

disappears after squeezing the pasta strands between 2 glass plates (Li & Vasanthan, 2003). 100 168 

g of dried pasta was cooked in 1 L of boiling water, to which 8 g of salt was added. After cooking 169 

pasta for its OCT, it was then rinsed with cold water, drained for 5 min and seasoned with 10 g of 170 

extra-virgin olive oil (Laureati, Conte, Padalino, Del Nobile, & Pagliarini, 2016). Cooking losses was 171 

determined by evaporating the combined cooking water and rinse water at 110°C till constant 172 

weight was obtained and cooled in a desiccator. 173 

𝑐𝑜𝑜𝑘𝑖𝑛𝑔 𝑙𝑜𝑠𝑠 (%) =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑢𝑛𝑐𝑜𝑜𝑘𝑒𝑑 𝑛𝑜𝑜𝑑𝑙𝑒𝑠  𝑥 100 174 

2.6 Sensory evaluation trial 175 



The sensory evaluation and satiety trials were approved by the University of Leeds Ethics 176 

Committee (reference MEEC 15-003). For the sensory trials, we expected a difference of 0.5 to 177 

be significant for one-power Anova at 95% confidence level, and standard power of 80%, 178 

comparison of 4 samples. A sample size of n = 12 was calculated using R statistical package 179 

(https://CRAN.R-project.org/package=pwr). Thirty-two untrained panelists (27 females and 5 180 

males) between the ages of 18 and 34 were recruited among students and staff of the School of 181 

Food Science and Nutrition at the University of Leeds. The sensory evaluation was performed in 182 

a single session lasting 10 to 15 min. After reading a participant information sheet, panelists first 183 

signed an informed consent form that included a sufficient description of the trial. They were 184 

also asked to complete a short questionnaire that included some demographic questions (gender 185 

and age), the frequency of their pasta consumption, and their overall liking of ginger.   186 

To avoid any change in the sensory properties of the samples, they were cooked one at a time, 187 

each type of pasta experiencing the same time and temperature history prior to the test. The 188 

panelists received four samples: three ginger-enriched pasta samples and the control (Figure 2). 189 

Samples were served one at a time in a randomized order, in small transparent plastic pots coded 190 

with a three-digit randomized code, each containing 30 g of cooked pasta. A randomized 191 

experimental design for the sample presentation order was created with DesignExpress V.1.7 (Qi 192 

Statistic and Product Perceptions, Berkshire, UK). Data was collected with Compusense® Five 193 

(Compusense Inc., Guelph, ON, Canada). Panelists were asked to evaluate each pasta sample for 194 

five sensory attributes: liking of color, liking of smell, liking of texture, liking of taste and overall 195 

liking. Each attribute was rated on a 9-point hedonic scale (1= Dislike extremely, 9= Like 196 

extremely). Drinking water was provided for palate cleansing between samples. 197 



2.6 Satiety trial 198 

Ten healthy panelists were recruited for the satiety trial (9 females and 1 male). A within-subject 199 

design with two conditions was used in this study. With n = 10, an effect size of 1.2 would have 200 

been needed to find a significant difference. The effect size is based on the value for the F statistic 201 

in the repeated measures ANOVA using the R function for statistical power analysis 202 

(https://CRAN.R-project.org/package=WebPower). Each panelist completed the study on two 203 

separate days, receiving either ginger-enriched pasta or control pasta on each day. Half of them 204 

received the first sample in the first session, and another half received the second sample first. 205 

All satiety sessions took place in laboratory conditions and were performed in the morning 206 

between 9:30 and 11:00. The day and time schedules were arranged based on each panelist’s 207 

availability. Panelists were asked to refrain from eating or drinking anything on the morning of 208 

the trial and for two hours post-consumption, although they were allowed to consume water up 209 

to 1 hour prior to the testing.  210 

On the first day of the trial, panelists signed an informed consent form and completed a short 211 

questionnaire containing general demographics and questions about whether they had eaten or 212 

drunk anything that morning to ensure the instructions were followed. Panelists were required 213 

to rate five satiety questionnaires at ten-time intervals; before consumption, immediately after 214 

consumption and at 15, 30, 45, 60, 75, 90, 105 and 120 min after consuming the meal. The satiety 215 

questionnaires (feelings of hunger, fullness, current desire to eat more food, current desire to 216 

eat the next meal and current willingness to eat) were rated using a 7-point intensity scale with 217 

equally spaced category labels worded as: None, Barely, Slightly, Moderately, Very, Extremely 218 

and Strongest Imaginable. The scoring was standardized among all questions (1= Strongest 219 



imaginable, 7= None), except for the fullness question as this goes in the opposite direction and 220 

for analysis purposes. These ratings will be referred to as ratings of satiety.  221 

Panelists received about 65 g (dry basis) of cooked pasta in transparent plastic pots, following 222 

the cooking procedure mentioned earlier. They were asked to consume the portions entirely 223 

within 10 min. Each portion of the enriched pasta contained approximately 2 g of dried ginger (2 224 

g of ginger in 65 g of pasta is equivalent to 3% ginger pasta, we did not measure final ginger 225 

content in the final cooked product). This dose was chosen as it had previously been identified 226 

as an effective dose to reduce energy intake without significant gastrointestinal side effects 227 

(Mansour et al., 2012). Panelists were required to drink 200 ml of water after completing the 228 

‘immediately after’ consumption satiety ratings to eliminate any satiating effect of water. 229 

Panelists were then asked to take copies of the questionnaire with them and complete one every 230 

15 min for 2 hours. A reminder had been sent to their registered emails to remind them to rate 231 

the satiety questionnaires. The completed answer booklets were collected at the end of the same 232 

trial day that took place.  233 

2.6 Statistical and Rasch analyses 234 

According to the molecular mass, the bioactive components were identified by LC-MS. For the 235 

quantification, the content of each compound was calculated based on peak area, using the 6-236 

gingerol standard curve. A parametric ANOVA with pairwise comparison using a Tukey HSD test 237 

was undertaken to compare 6-gingerol, 8-gingerol and 10-gingerol contents, while non-238 

parametric test with pairwise comparisons using a Dunn test was done to compare 6-shogaol and 239 

10-shogaol in ginger samples.  240 



All raw data obtained from sensory and satiety tests were assigned numerical scores prior to data 241 

analysis. Comparisons regarding hedonic sensory analysis ratings between corresponding pasta 242 

products were analyzed using the Friedman 2-way ANOVA method, followed by multiple pairwise 243 

comparisons using the method of Nemenyi (1963). A repeated measures Rasch analysis 244 

(Mallinson, 2011)(Ho, 2019) was conducted using WINSTEPS software (version 3.92.1) to 245 

estimate a single measurement of satiety based on the five ratings of satiety questions. Reliability 246 

statistics were also calculated to improve data fitness to the mathematical model. In addition, t-247 

tests were calculated to compare the two samples. 95% confidence level was used in all statistical 248 

analyses. 249 

3 Results and Discussion 250 

3.1 Identification and quantification of the key components of ginger powder 251 

Examples of chromatograms arising from HPLC-DAD analysis of commercial ginger samples are 252 

shown in Figure 3. Five peaks were identified and selected for MS analysis. Their retention time 253 

and putative identification is shown in Table 1. Peak 1 co-eluted with 6-gingerol. In SCAN (E-) 254 

TIC mode, peaks 2, 3, 4 had adduct ion at mass-to-charge (m/z) of 321, 331 and 349 and were 255 

identified as 8-gingerol, 10-shogaol and 10-gingerol respectively (Salmon et al., 2012). MS 256 

negative mode was more sensitive than positive mode in detecting these compounds under the 257 

condition used for the analysis.  There was a small peak (#5) between peaks 2 and 3 in sample E 258 

(Figure 3B). According to the molecular mass of this peak (m/z 276), peak #5 can be defined as 259 

6-shogaol. However, this peak was too small to be detected in ginger sample A (Figure 3A). The 260 

main bioactive components in ginger powders were 6-, 8-, and 10-gingerol 10-shogaol. 261 

Different commercial samples have different profiles of their compositions. This result was 262 



supported by previous work, which demonstrated that gingerols and shogaols were the major 263 

bioactive components (Baliga et al., 2011), following the descending order of 6-gingerol, 10-264 

shogaol, 10-gingerol, 8-gingerol and 6-shogaol (Marx, Isenring, & Lohning, 2017; Yeh et al., 265 

2014). 266 

In order to quantify the compounds in ginger powder, a regression analysis of the 6-gingerol 267 

standard curve was conducted. The standard curve of 6-gingerol was linear between 0.02 to 268 

0.2mg/mL with the correlation coefficient higher than 0.998 (data not shown). The contents of 269 

6-gingerol, 8-gingerol ,10-gingerol, 6-shogaol and 10-shogoal contents in gingerol equivalents 270 

(GE) are presented in Table 2. For all samples, 6-gingerol was the most abundant component 271 

(average for all samples 1.00 ± 0.36%) and 10-shogaol was the second most abundant 272 

component (0.36 ± 0.10% GE). This was in accordance to previous findings (Baliga et al., 2011; 273 

Swapna Sonale & Kadimi, 2014). Besides, the percentage of 8-gingerol and 10-gingerol were 274 

similar (0.26% ± 0.04% and 0.26% ± 0.08% GE, respectively) while the mean content of 6-275 

shogaol was the lowest in all samples (0.11% ± 0.10% GE).  276 

The content of 6-gingerol and 8-gingerol varied significantly among samples. Sample B had the 277 

highest content of 6-gingerol, which was around triple the content for that in sample E. For 8-278 

gingerol, sample D contained a significantly higher amount than others. On the contrary, no 279 

significant difference was detected in 10-gingerol among these five samples. The results 280 

indicated no differences between samples C, D and E for 6-shogaol, and not detected in 281 

samples A and B. The content for 10-shogaol in samples A and B were significantly different. 282 

The relatively lower percentage of 6-shogaol revealed that the conversion from 6-gingerol to 6-283 

shogaol was insignificant during processing or storage (Swapna Sonale & Kadimi, 2014). 284 



Although the contents followed a similar pattern to previous works, the average level in this 285 

study was slightly higher (Marx et al., 2017; Schwertner & Rios, 2007). This may be owing to the 286 

genetic differences of samples, such as different regions and physiological responses to the 287 

environment like climate and soil characteristics (Henry & Piggott, 1987).. 288 

3.2 Sensory testing 289 

Results comparing the sensory attributes of the four pasta products are summarised in Table 3.  290 

The sensory analysis revealed that all pasta products were generally liked to a similar extent. 291 

Notably, the liking of the color of the 5% ginger pasta was lower at a statistically significant level 292 

compared to control (p= 0.02) (Table 3). A previous study suggested that color is the single 293 

most important sensory characteristic of food, as it sets consumers’ expectations of the likely 294 

taste of that food (Thomson et al., 2002).  Appearance is a strong contributor to ‘overall liking’ 295 

(Ho, 2019). It could be that the relatively dark color of the 5% ginger pasta did not meet 296 

consumers’ expectations of the standard light colour of pasta, hence affected their experience 297 

contributing to low overall ratings of the product. This result is consistent with previous work, 298 

which revealed that the panelists prefer cereal products that are “less yellow in color” (Khan, 299 

Yousif, Johnson, & Gamlath, 2014). A meta-analysis of the sensory acceptance of fibre-enriched 300 

cereal foods showed that fibre enrichment lowered appearance acceptability, but that it 301 

depended on format and base acceptability (Grigor et al., 2016). Appearance is a strong 302 

contributor to ‘overall liking’. Enrichment of wheat pasta with fibre changed the expectation of 303 

what the product would look like (Laureati, Conte, Padalino, Del Nobile, & Pagliarini, 2016) and 304 

the same could occur in the case of ginger enrichment. Despite a reduced liking of the 5% 305 

ginger pasta color, the other sensory attributes were not lower at a statistically significant level. 306 



The textural attributes maybe associated with cooking time, however we found that (Ho, 2019) 307 

with ginger did not change OCT time (9.5 min) or percentage cooking losses of (8.30%) for all 308 

samples (data not shown). We did not measure instrumental texture or colour for the samples.  309 

Results suggest that the addition of ginger to pasta did not affect product acceptability. This 310 

supports observations from previous studies which reported the highest sensorial acceptability 311 

for products (pasta and bread) enriched with 3% ginger among other products containing 312 

different levels of ginger (Spence, 2015).  313 

3.3 Satiety trial 314 

Figure 4 illustrates the changes in satiety measures calculated by Rasch analysis for ten 315 

panelists. There were no observable differences in the changes in the mean Rasch satiety 316 

measure between the control and the ginger-enriched pasta. This was confirmed from the 317 

result of the repeated measures ANOVA, indicating no significant difference of the effect of the 318 

addition of ginger over time on the Rasch satiety measure, after applying a Greenhouse-Geisser 319 

correction. Three panelists were excluded because when measuring the Rasch satiety, panelists 320 

7, 8 and 9 showed non-typical response curves (supplementary data S1). For example, Rash 321 

satiety measures for the control sample continued to steadily increase in 45 minutes (Panelist 322 

7) and 75 minutes (Panelist 8) after consumption of the meal. A similar response curve was 323 

noted for the pasta sample with ginger for Panelist 9, who continued to increase up to 60 324 

minutes after consumption.  325 

A secondary analysis was subsequently conducted to examine if these unusual satiety response 326 

curves had an effect on the original analysis with seven panellists (Figure 5). Although there was 327 

some indication that the ginger-enriched pasta sample had higher mean Rasch satiety measures 328 



than the control sample in all time points after consumption, the repeated measures ANOVA 329 

found no significant differences (p=0.9410). The satiety analysis did not reveal any significant 330 

differences in postprandial satiety between both samples, although ginger pasta seemed to 331 

have higher overall satiety scores than control pasta. This finding is inconsistent with previous 332 

studies, which found that the consumption of 2 g of dried ginger in capsule form or as a hot 333 

beverage significantly increased postprandial satiety (Mansour et al. (2012); Taghizadeh et al., 334 

2017).  335 

Furthermore, several studies investigated the effect of the form of food on satiety and found 336 

that soups have a higher satiating effect than their solid equivalents (Mattes, 2005; Pan & Hu, 337 

2011). This finding could potentially explain the lack of a statistically significant effect of the 338 

ginger-enriched pasta on satiety, compared to the positive results found by Mansour et al. 339 

(2012) using the same amount of ginger. The food matrix is likely to impact the bioactivity of 340 

ginger, as has been shown for other bioactives (Bub et al., 2019) and matrices (Phongnarisorn 341 

et al., 2018). 342 

Notably, three panelists (7,8 and 9) had different satiety curves compared with others, which 343 

maybe because of the individual differences in the perception of hunger and fullness 344 

(supplementary data S1). These differences may be attributed to variations in the sensitivity to 345 

visceral signals that indicate the state of the stomach (Stevenson, Mahmut, & Rooney, 2015). It 346 

must be noted that the participants were all given the same portion size (i.e. it was not ad 347 

libitum). Increased food portion size is associated with increased energy intake, and individuals 348 

may have different portion perceptions (O’Brien, McNulty, Nugent, Gibney, & Livingstone, 349 

2011; Rolls, Roe, Kral, Meengs, & Wall, 2004).  350 



Further work should evaluate the mechanisms of how ginger impacts satiety and other aspects 351 

of energy balance. This can include a better understanding on individual responses, including 352 

the effects of age, gender and adiposity. Higher doses of ginger in different food matrices could 353 

also be formulated and tested over more extended periods. The role of sensory-specific satiety 354 

responses of ginger-enriched food products should also be explored. 355 

4 Conclusion 356 

In conclusion, 6-, 8-, 10-gingerol, 10-shogaol  are present in commercial ginger powders with 357 

minor variations between samples. Ginger-enriched pasta was generally well accepted by 358 

consumers, with only the 5% ginger pasta recording lower acceptability for colour. All other 359 

sensory attributes were not stastically different. Consumption of 3% ginger-enriched pasta, 360 

containing approximately 2 g of ginger powder per portion, did not increase satiety in human 361 

volunteers. 362 

 363 

Author Contributions  364 

P. Ho and C. Orfila designed and supervised the study. M. Wu, and S. Viney run chromatography 365 

analyses. H. Gani made the pasta samples and performed the sensory and satiety human trials. 366 

P. Ho performed Rasch analysis and M.Wu and C. Orfila drafted the manuscript with input from 367 

all authors.  368 

Conflicts of Interest  369 

The authors have no conflicts of interest to declare. 370 

Acknowledgments 371 



The authors wish to thank W. Marafie for her support in running the human trials. 372 

Data Availability Statement 373 

The data that support the findings of this study are openly available at the University of Leeds: 374 

Mengyao Wu, Hanis Gani, Wasan Marafie, Sara Viney, Peter Ho and Caroline Orfila (2021): 375 

Ginger pasta satiety - raw data. [Dataset]  https://doi.org/10.5518/1027 376 

References 377 

Afzal, Μ., Al-Hadidi, D., Menon, M., Pesek, J., & Dhami, M. S. I. (2001). Ginger: An Ethnomedical, 378 

Chemical and Pharmacological Review. Drug Metabolism and Drug Interactions, 18(3–4), 379 

159–190. https://doi.org/10.1515/DMDI.2001.18.3-4.159 380 

Astrup, A., Kristensen, M., Gregersen, N. T., Belza, A., Lorenzen, J. K., Due, A., & Larsen, T. M. 381 

(2010). Can bioactive foods affect obesity? Annals of the New York Academy of Sciences, 382 

1190(1), 25–41. https://doi.org/10.1111/j.1749-6632.2009.05272.x 383 

Baliga, M. S., Haniadka, R., Pereira, M. M., D’Souza, J. J., Pallaty, P. L., Bhat, H. P., & Popuri, S. 384 

(2011). Update on the Chemopreventive Effects of Ginger and its Phytochemicals. Critical 385 

Reviews in Food Science and Nutrition, 51(6), 499–523. 386 

https://doi.org/10.1080/10408391003698669 387 

Bhattarai, S., Tran, V. H., & Duke, C. C. (2001). The Stability of Gingerol and Shogaol in Aqueous 388 

Solutions. Journal of Pharmaceutical Sciences, 90(10), 1658–1664. 389 

https://doi.org/10.1002/jps.1116 390 

Björck, I., Liljeberg, H., & Östman, E. (2000). Low glycaemic-index foods. British Journal of 391 

Nutrition, 83(S1), S149–S155. https://doi.org/10.1017/S0007114500001094 392 

Bordoni, A., Boesch, C., Malpuech-Brugère, C., Orfila, C., & Tomás-Cobos, L. (2019). The role of 393 

bioactives in energy metabolism and metabolic syndrome. Proceedings of the Nutrition 394 

Society, 78(3), 340–350. https://doi.org/10.1017/S0029665119000545 395 

Bray, G. A., Frühbeck, G., Ryan, D. H., & Wilding, J. P. H. (2016). Management of obesity. The 396 

Lancet, 387(10031), 1947–1956. https://doi.org/10.1016/S0140-6736(16)00271-3 397 

Bub, A., Malpuech-Brugère, C., Orfila, C., Amat, J., Arianna, A., Blot, A., … Bordoni, A. (2019). A 398 

Dietary Intervention of Bioactive Enriched Foods Aimed at Adults at Risk of Metabolic 399 

Syndrome: Protocol and Results from PATHWAY-27 Pilot Study. Nutrients, 11(8), 1814–400 

1830. https://doi.org/10.3390/nu11081814 401 

Charalampopoulos, D., Wang, R., Pandiella, S. S., & Webb, C. (2002). Application of cereals and 402 

cereal components in functional foods: A review. International Journal of Food 403 

Microbiology. https://doi.org/10.1016/S0168-1605(02)00187-3 404 

Dugasani, S., Pichika, M. R., Nadarajah, V. D., Balijepalli, M. K., Tandra, S., & Korlakunta, J. N. 405 

https://doi.org/10.5518/1027


(2010). Comparative antioxidant and anti-inflammatory effects of [6]-gingerol, [8]-gingerol, 406 

[10]-gingerol and [6]-shogaol. Journal of Ethnopharmacology, 127(2), 515–520. 407 

https://doi.org/10.1016/j.jep.2009.10.004 408 

Ebrahimzadeh Attari, V., Ostadrahimi, A., Asghari Jafarabadi, M., Mehralizadeh, S., & Mahluji, S. 409 

(2016). Changes of serum adipocytokines and body weight following Zingiber officinale 410 

supplementation in obese women: a RCT. European Journal of Nutrition, 55(6), 2129–2136. 411 

https://doi.org/10.1007/s00394-015-1027-6 412 

Eldershaw, T. P. D., Colquhoun, E. Q., Dora, K. A., Peng, Z. C., & Clark, M. G. (1992). Pungent 413 

principles of ginger (Zingiber officinale) are thermogenic in the perfused rat hindlimb. 414 

International Journal of Obesity and Related Metabolic Disorders : Journal of the 415 

International Association for the Study of Obesity, 16(10), 755–763. Retrieved from 416 

http://www.ncbi.nlm.nih.gov/pubmed/1330955 417 

Gani, H., Fearnley, J., Ho, P., & Orfila, C. (2018). Oat fibre and chilli promote satiety 418 

synergistically. Proceedings of the Nutrition Society, 77(OCE4), E135. 419 

https://doi.org/10.1017/S0029665118001416 420 

GRIGOR, J. M., BRENNAN, C. S., HUTCHINGS, S. C. & ROWLANDS, D. S. 2016. The sensory 421 

acceptance of fibre-enriched cereal foods: a meta-analysis. International Journal of Food 422 

Science & Technology, 51, 3-13. 423 

 424 

This meta-analysis shows that acceptance of fibre-enriched foods is dependent on the food 425 

form and the baseline acceptance of the non-enriched food. Sensory analysis of bioactive 426 

enriched foods should therefore take these factors into consideration when interpreting 427 

results. In the case of our study, the enrichment of pasta with ginger did not impact of 428 

sensory perception, with the exception of colour. 429 

 430 

Gupta, Y. K., & Sharma, M. (2001). Reversal of pyrogallol-induced delay in gastric emptying in 431 

rats by ginger (Zingiber officinale). Methods and Findings in Experimental and Clinical 432 

Pharmacology, 23(9), 501. https://doi.org/10.1358/mf.2001.23.9.662137 433 

Henry, C. J., & Piggott, S. M. (1987). Effect of ginger on metabolic rate. Human Nutrition. Clinical 434 

Nutrition, 41(1), 89–92. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/3570866 435 

Heymsfield, S. B., & Wadden, T. A. (2017). Mechanisms, Pathophysiology, and Management of 436 

Obesity. New England Journal of Medicine, 376(3), 254–266. 437 

https://doi.org/10.1056/NEJMra1514009 438 

Ho, P. (2019). A new approach to measuring Overall Liking with the Many-Facet Rasch Model. 439 

Food Quality and Preference, 74, 100-111. 440 

doi:https://doi.org/10.1016/j.foodqual.2019.01.015 441 

 442 

This experimental paper shows that the modalities used in rating the Likings of Overall Flavour, 443 

Texture, Aroma and Appearance contributed almost to the same extent to Overall Liking in 444 



the Total Attribute Measure. The categories on the 9-point hedonic scale were unequally 445 

spaced and the distance between them became increasingly larger the further away from 446 

the central category of ‘Neither like nor dislike’. We used this approach in this paper. 447 

 448 

Hu, M.-L. (2011). Effect of ginger on gastric motility and symptoms of functional dyspepsia. 449 

World Journal of Gastroenterology, 17(1), 105. https://doi.org/10.3748/wjg.v17.i1.105 450 

Kadnur, S. V., & Goyal, R. K. (2005). Beneficial effects of Zingiber officinale Roscoe on fructose 451 

induced hyperlipidemia and hyperinsulinemia in rats. Indian Journal of Experimental 452 

Biology, 43(12), 1161–1164. Retrieved from 453 

http://www.ncbi.nlm.nih.gov/pubmed/16359128 454 

Khan, I., Yousif, A. M., Johnson, S. K., & Gamlath, S. (2014). Effect of Sorghum Flour Addition on 455 

In Vitro Starch Digestibility, Cooking Quality, and Consumer Acceptability of Durum Wheat 456 

Pasta. Journal of Food Science, 79(8), S1560–S1567. https://doi.org/10.1111/1750-457 

3841.12542 458 

Kramer, F. M., Jeffery, R. W., Forster, J. L., & Snell, M. K. (1989). Long-term follow-up of 459 

behavioral treatment for obesity: patterns of weight regain among men and women. 460 

International Journal of Obesity, 13(2), 123–136. Retrieved from 461 

http://www.ncbi.nlm.nih.gov/pubmed/2663745 462 

Laureati, M., Conte, A., Padalino, L., Del Nobile, M. A., & Pagliarini, E. (2016). Effect of Fiber 463 

Information on Consumer’s Expectation and Liking of Wheat Bran Enriched Pasta. Journal 464 

of Sensory Studies, 31(4), 348–359. https://doi.org/10.1111/joss.12218 465 

 466 

The findings of the present study provide information about the hedonic expectation and liking 467 

of pasta with high wheat bran content. The study indicates that enriching food products with 468 

healthy ingredients may change the expectations and perception of consumers in sensory trials. 469 

 470 

Li, J. H., & Vasanthan, T. (2003). Hypochlorite oxidation of field pea starch and its suitability for 471 

noodle making using an extrusion cooker. Food Research International, 36(4), 381–386. 472 

https://doi.org/10.1016/S0963-9969(02)00230-2 473 

Mallinson, T. (2011). Rasch analysis of repeated measures. Rasch Measurement Transactions, 474 

251(1), 1317. 475 

Mancini, S., Paci, G., Fratini, F., Torracca, B., Nuvoloni, R., Dal Bosco, A., … Preziuso, G. (2017). 476 

Improving pork burgers quality using Zingiber officinale Roscoe powder (ginger). Meat 477 

Science, 129, 161–168. https://doi.org/10.1016/j.meatsci.2017.03.004 478 

Mansour, M. S., Ni, Y. M., Roberts, A. L., Kelleman, M., Roychoudhury, A., & St-Onge, M. P. 479 

(2012). Ginger consumption enhances the thermic effect of food and promotes feelings of 480 

satiety without affecting metabolic and hormonal parameters in overweight men: A pilot 481 

study. Metabolism: Clinical and Experimental. 482 

https://doi.org/10.1016/j.metabol.2012.03.016 483 



 484 

The paper reports the results of a human clinical trial that tested the effect of drinking ginger 485 

hot beverage at breakfast (dose 2 g) on energy expenditure, feelings of appetite and 486 

satiety and metabolic risk factors in overweight men. We used a similar dose of ginger in 487 

the human satiety trial. 488 

 489 

Marx, W., Isenring, E. A., & Lohning, A. E. (2017). Determination of the concentration of major 490 

active anti-emetic constituents within commercial ginger food products and dietary 491 

supplements. European Journal of Integrative Medicine, 10, 19–24. 492 

https://doi.org/10.1016/j.eujim.2017.02.001 493 

Mattes, R. (2005). Soup and satiety. Physiology & Behavior, 83(5), 739–747. 494 

https://doi.org/10.1016/j.physbeh.2004.09.021 495 

McCrickerd, K., & Forde, C. G. (2016). Sensory influences on food intake control: moving beyond 496 

palatability. Obesity Reviews, 17(1), 18–29. https://doi.org/10.1111/obr.12340 497 

Milner, J. A. (2000). Functional foods: the US perspective. The American Journal of Clinical 498 

Nutrition, 71(6), 1654S-1659S. https://doi.org/10.1093/ajcn/71.6.1654S 499 

MUNEKATA, P. E. S., PÉREZ-ÁLVAREZ, J. Á., PATEIRO, M., VIUDA-MATOS, M., FERNÁNDEZ-500 

LÓPEZ, J. & LORENZO, J. M. 2021. Satiety from healthier and functional foods. Trends in 501 

Food Science & Technology, 113, 397-410. 502 

Nammi, S., Sreemantula, S., & Roufogalis, B. D. (2009). Protective Effects of Ethanolic Extract of 503 

Zingiber officinale Rhizome on the Development of Metabolic Syndrome in High-Fat Diet-504 

Fed Rats. Basic & Clinical Pharmacology & Toxicology, 104(5), 366–373. 505 

https://doi.org/10.1111/j.1742-7843.2008.00362.x 506 

Nemenyi, P. (1963). Distribution-free multiple comparisons. Princenton University. 507 

Nicoll, R., & Henein, M. Y. (2009). Ginger (Zingiber officinale Roscoe): A hot remedy for 508 

cardiovascular disease? International Journal of Cardiology, 131(3), 408–409. 509 

https://doi.org/10.1016/j.ijcard.2007.07.107 510 

O’Brien, S., McNulty, B., Nugent, A. P., Gibney, E. R., & Livingstone, M. B. E. (2011). A 511 

comparison of gender differences in food portion sizes consumed by Irish adults during 512 

1997 and 1999. Proceedings of the Nutrition Society, 70(OCE6), E400. 513 

https://doi.org/10.1017/S002966511100485X 514 

Ok, S., & Jeong, W.-S. (2012). Optimization of Extraction Conditions for the 6-Shogaol-rich 515 

Extract from Ginger (Zingiber officinale Roscoe). Preventive Nutrition and Food Science, 516 

17(2), 166–171. https://doi.org/10.3746/pnf.2012.17.2.166 517 

Pan, A., & Hu, F. B. (2011). Effects of carbohydrates on satiety: differences between liquid and 518 

solid food. Current Opinion in Clinical Nutrition and Metabolic Care, 14(4), 385–390. 519 

https://doi.org/10.1097/MCO.0b013e328346df36 520 

Pan, A., Ye, X., Franco, O. H., Li, H., Yu, Z., Zou, S., … Lin, X. (2008). Insulin resistance and 521 

depressive symptoms in middle-aged and elderly Chinese: Findings from the Nutrition and 522 



Health of Aging Population in China Study. Journal of Affective Disorders. 523 

https://doi.org/10.1016/j.jad.2007.11.002 524 

PHONGNARISORN, B., ORFILA, C., HOLMES, M. & MARSHALL, L. J. 2018. Enrichment of Biscuits 525 

with Matcha Green Tea Powder: Its Impact on Consumer Acceptability and Acute 526 

Metabolic Response. Foods, 7. 527 

Rahmani, A. H., Shabrmi, F. M. Al, & Aly, S. M. (2014). Active ingredients of ginger as potential 528 

candidates in the prevention and treatment of diseases via modulation of biological 529 

activities. International Journal of Physiology, Pathophysiology and Pharmacology, 6(2), 530 

125–136. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/25057339 531 

Raquel Sehn, G. A., De Cássia Nogueira, A., & Steel, C. J. (2015). Non-conventional Raw 532 

Materials for Nutritional Improvement of Breads. In C. M. Rosell, J. Bajerska, & A. F. El 533 

Sheikha (Eds.), Bread and Its Fortification (pp. 258–282). https://doi.org/10.1201/b18918-534 

16 535 

Reinbach, H. C., Martinussen, T., & Møller, P. (2010). Effects of hot spices on energy intake, 536 

appetite and sensory specific desires in humans. Food Quality and Preference, 21(6), 655–537 

661. https://doi.org/10.1016/j.foodqual.2010.04.003 538 

Rolls, B. J., Roe, L. S., Kral, T. V. E., Meengs, J. S., & Wall, D. E. (2004). Increasing the portion size 539 

of a packaged snack increases energy intake in men and women. Appetite, 42(1), 63–69. 540 

https://doi.org/10.1016/S0195-6663(03)00117-X 541 

Salmon, C. N. A., Bailey-Shaw, Y. A., Hibbert, S., Green, C., Smith, A. M., & Williams, L. A. D. 542 

(2012). Characterisation of cultivars of Jamaican ginger (Zingiber officinale Roscoe) by 543 

HPTLC and HPLC. Food Chemistry, 131(4), 1517–1522. 544 

https://doi.org/10.1016/j.foodchem.2011.09.115 545 

Schwertner, H. A., & Rios, D. C. (2007). High-performance liquid chromatographic analysis of 6-546 

gingerol, 8-gingerol, 10-gingerol, and 6-shogaol in ginger-containing dietary supplements, 547 

spices, teas, and beverages. Journal of Chromatography B, 856(1–2), 41–47. 548 

https://doi.org/10.1016/j.jchromb.2007.05.011 549 

Semwal, R. B., Semwal, D. K., Combrinck, S., & Viljoen, A. M. (2015). Gingerols and shogaols: 550 

Important nutraceutical principles from ginger. Phytochemistry, 117, 554–568. 551 

https://doi.org/10.1016/j.phytochem.2015.07.012 552 

Sharma, S. S., & Gupta, Y. K. (1998). Reversal of cisplatin-induced delay in gastric emptying in 553 

rats by ginger (Zingiber officinale). Journal of Ethnopharmacology. 554 

https://doi.org/10.1016/S0378-8741(98)00053-1 555 

Spence, C. (2015). On the psychological impact of food colour. Flavour, 4(1), 21. 556 

https://doi.org/10.1186/s13411-015-0031-3 557 

Stevenson, R. J., Mahmut, M., & Rooney, K. (2015). Individual differences in the interoceptive 558 

states of hunger, fullness and thirst. Appetite, 95, 44–57. 559 

https://doi.org/10.1016/j.appet.2015.06.008 560 

Sunkara, R., & Verghese, M. (2014). Functional Foods for Obesity Management. Food and 561 

Nutrition Sciences, 05(14), 1359–1369. https://doi.org/10.4236/fns.2014.514148 562 



Swapna Sonale, R., & Kadimi, U. S. (2014). Characterization of gingerol analogues in 563 

supercritical carbon dioxide (SC CO2) extract of ginger (Zingiber officinale, R.,). Journal of 564 

Food Science and Technology, 51(11), 3383–3389. https://doi.org/10.1007/s13197-012-565 

0851-4 566 

Taghizadeh, M., Farzin, N., Taheri, S., Mahlouji, M., Akbari, H., Karamali, F., & Asemi, Z. (2017). 567 

The Effect of Dietary Supplements Containing Green Tea, Capsaicin and Ginger Extracts on 568 

Weight Loss and Metabolic Profiles in Overweight Women: A Randomized Double-Blind 569 

Placebo-Controlled Clinical Trial. Annals of Nutrition and Metabolism, 70(4), 277–285. 570 

https://doi.org/10.1159/000471889 571 

Thomson, M., Al-Qattan, K. K., Al-Sawan, S. M., Alnaqeeb, M. A., Khan, I., & Ali, M. (2002). The 572 

use of ginger (Zingiber officinale Rosc.) as a potential anti-inflammatory and 573 

antithrombotic agent. Prostaglandins, Leukotrienes and Essential Fatty Acids, 67(6), 475–574 

478. https://doi.org/10.1054/plef.2002.0441 575 

Yeh, H., Chuang, C., Chen, H., Wan, C., Chen, T., & Lin, L. (2014). Bioactive components analysis 576 

of two various gingers (Zingiber officinale Roscoe) and antioxidant effect of ginger extracts. 577 

LWT - Food Science and Technology, 55(1), 329–334. 578 

https://doi.org/10.1016/j.lwt.2013.08.003 579 

Zuberi, A. R., & Browning, K. N. (2009). T1803 Ginger Extracts Decrease Food Intake via Vagally-580 

Mediated Mechanisms. Gastroenterology. https://doi.org/10.1016/s0016-5085(09)62684-581 

6 582 

  583 

  584 



Table 1 - Identification of the key compounds in ginger powders in the chromatograms. 585 

Peak no. 
Retention 

time (min) 
Ion Mass Mode Compound 

1 1.00 293 Negative 6-gingerol 

2 1.28-1.38 321 Negative 8-gingerol 

3 1.67-1.82 331 Negative 10-shogaol 

4 2.13-2.20 349 Negative 10-gingerol 

5 1.38-1.49 275 Negative 6-shogaol 

  586 



Table 2 - Comparison of dry weight (mg/g) content of different bioactive in gingerol 587 

equivalents (GE) for five commercial ginger powder samples 588 

 589 

* Mean± SD with the same letter in superscript within the same column are not significantly 590 

different (p>0.05) 591 

† SD not shown are < 0.01 592 

1 See table 1 593 

2 HSD Test  594 

3 LSRD Test 595 

 596 

  597 

Sample1 6-gingerol2 8-gingerol2 10-gingerol2 6-shogaol3 10-shogaol3 

A 13.6 ± 0.7a 2.6 ± 0.1 b 2.5 ± 0.3 a - 2.0 ± 0.1 d 

B 14.6 ± 0.7a 2.9 ± 0.1 b 1.6 ± 0.1 a - 5.0 ± 0.1 a 

C 7.8 ± 0.5b 2.1 ± 0.1 c 3.1 ± 0.2 a 1.5 ± 0.1 a 4.2 b 

D  7.9 ± 0.3 b 3.2 a 2.5 ± 0.4 a 1.9 a 3.3 bc 

E 6.0 ± 0.2 c 2.3 c 2.4 ± 0.9 a 2.3 ± 0.7a 3.3 c 



Table 3 - Comparison of liking ratings for sensory attributes for the four pasta samples. 598 

Sample Liking of Colour 
Liking of 

Smell 

Liking of 

Texture 

Liking of 

Taste 
Overall liking 

Control  6.4 ± 1.5ab 5.8 ± 1.9a 6.6 ± 1.6a 5.8 ± 1.5a 6.0 ± 1.7a 

1% ginger  6.6 ± 1.5a 6.4 ± 1.2a 6.9 ± 1.3a 6.6 ± 1.4a 6.8 ± 1.35a 

3% ginger  6.1 ± 1.7ab 6.4 ± 1.6a 6.2 ± 1.7a 6.2 ± 1.8a 6.4 ± 1.7a 

5% ginger  5.5 ± 1.7b 6.4 ± 1.5a 5.8 ± 2.0a 6.0 ± 1.8a 6.2 ± 1.4a 

*mean± SD with the same letter in superscript within the same column are not significantly 599 

different (p>0.05). 600 

  601 



Figures 602 

 603 

 604 

Figure 1 - Structures of the major bioactive components in ginger: (A) 6-gingerol, (B) 6-shogaol. 605 

 606 

 607 



 608 

Figure 2 - The four pasta samples provided in the sensory trial. A: control, B: 1% ginger, C: 3% 609 

ginger, D: 5% ginger. 610 

 611 

  612 



 613 

 614 

Figure 3 - HPLC-UV chromatograms showing the bioactive components in ginger sample A (A) 615 

and E (B), detected at 282 nm. The blue line represented the 6-gingerol, which was used as 616 

standard to analyze ginger powders while the orange one was for the ginger sample. Peaks 1 = 617 

6-gingerol; 2 = 8-gingerol; 3 = 10-shogaol; 4 = 10-gingerol and 5 = 6-shogaol. 618 
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 620 

Figure 4 - Mean (±95% Confidence Interval) Rasch satiety measure for 10 healthy panelists for 621 

control and 3% ginger (w/w) pasta. 622 

 623 

  624 



 625 

Figure 5 - Mean (±95% Confidence Interval) Rasch satiety measure for 7 healthy panelists after 626 

removing panelist 7, 8 and 9 for control and 3% ginger (w/w) pasta. 627 

 628 

 629 
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 631 

 632 

Supplementary Data Figure S1. 633 

 634 

Figure S1 – Line graphs illustrated the satiety measures (in logits) for individual ten panelists 635 

for Control pasta (red lines) and ginger-enriched pasta (turquoise dashed lines). The satiety 636 

measures were plotted at time points Before, immediately after (After) and at every 15 637 

minutes up to 120 minutes after meal consumption. 638 

 639 


