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Abstract  Made-in-transit (MIT) is a supply chain concept for the complete or partial manufacturing or production of 

perishable foods while being transported to the market. A 33 factorial design was carried out looking at the fermentation 

temperature (25°C, 30°C, and 35°C), apple fiber concentration (0%, 0.5%, 1.0%, and 1.5% v/w), and experimental treatment 

(no vibration or vibration to mimic that associated with transportation). Yogurt was manufactured using one of the four apple 

fiber concentrations and then fermented under one of the three fermented temperatures for 48 hours before being shifted into 

a 4°C cold room to finalize the gelling process. Physical-chemical properties including titratable acidity, pH, whey syneresis, 

and texture analysis were analyzed for all conditions using two-way ANOVA. There were noticeable differences between the 

fermentation temperature and the experimental treatment on the physical-chemical and sensory attributes measured. The 

apple fiber had no impact. A total of 63 people participated in a hedonic testing study to look at the impact the fermentation 

temperature, apple concentration, and the experimental treatment had on the appearance, aroma, taste, and mouthfeel of the 

yogurt. Consumers found the MIT yogurt to be unacceptable based upon all attributes tested (appearance, aroma, flavor, and 

mouthfeel). 
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1. Introduction 

Milk fermentation is one of the oldest fermented foods 

[1,2]. Yogurt is commonly made by fermenting cow’s   

milk using a 1:1 ratio of lactic acid producing bacteria, 

Lactobacillus bulgaricus or acidophilus and Streptococcus 

thermophilus, under controlled temperature and 

environmental conditions [1]. Yogurt is consumed 

throughout the world as excellent source of protein, calcium, 

phosphorus, riboflavin, thiamin, vitamin B12, folate, niacin, 

magnesium, and zinc [2,3]. Those who are lactose intolerant 

are able to consume yogurt and yogurt-like products because 

during the fermentation process the lactose present in the 

milk is converted into lactic acid [4].  

Similar to other fermented products, today’s yogurt is 

fermented under controlled conditions within a 

manufacturing facility and then transported using 

temperature controlled trucks [5]. A relatively new  
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manufacturing concept, developed by Jaworska, is 

Made-in-transit (MIT). MIT is a supply chain concept for the 

complete or partial manufacturing or production of 

perishable foods while being transported to the market [6]. 

This technique has been utilized for the production of 

mushrooms, however it is still being developed for the 

production of yogurt. The primary issue with the MIT 

concept is that the body and texture of the yogurt produced 

are poor [7]. Consumers expect set yogurt to have a firm 

body to be spooned and a smooth fine texture [8]. Prior work 

indicates that vibration and shock occurring during shipping 

contributed to the poor quality of the MIT yogurt product.  

Transit-induced vibration and shock are both involved in 

damaging perishable goods during transportation and occur 

due to a variety of different causes. The primary cause of 

vibration is due to unevenness in the pavement caused by 

everyday wear and tear on the asphalt (REF). Other sources 

of vibration can be caused by the vehicle’s suspension [9-11], 

road surface conditions (standing water, snow, ice, etc.) 

[12-14], payload [11,12], platform location [10,15] travel 

speed, braking speed and/or sharpness [16], and tires [17]. 

Shock, in addition to vibration, can cause damage to 

pre-packaged and perishable foods shortening their shelf life. 

Shock can be caused by unevenness in the road, manholes, 

and metal joints [18].   
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As significant reductions in vibration and shock during 

transportation are difficult to manage, improved methods of 

MIT yogurt production have focused on altering yogurt 

composition and fermentation conditions. Previous MIT 

studies have looked at the impact of increasing skim milk 

powder added to Ultra High-Temperature Pasteurized (UHT) 

milk used for the manufacturing of yogurt as well as, to 

investigate fermentation times at lower temperatures in 

relation to yogurt’s body and texture. The study conducted 

by Nor-Khaizura et al. (2014) showed that skim milk powder 

added does in fact produce a yogurt with acceptable pH, total 

acidity, and texture for a set yogurt, however that project  

did not focus on the impact transportation vibration and 

movement would have on the body of the yogurt. We 

hypothesized that the addition of apple fiber during MIT 

yogurt production would improve the body of the product 

without negatively impacting the physicochemical and 

sensory characteristics of the yogurt. This was assessed by 

varying concentrations of apple fiber (0, 0.5, 1.0, 1.5% w/v) 

and measuring the impact of fiber content on the body and 

texture of yogurt fermented at different temperatures while 

being subjected to vibration. 

2. Materials and Methods 

2.1. Factorial Experiment Design 

A 33 factorial experimental design was generated using 

DESIGN EXPERT 11 (Stat-Ease Inc, Minneapolis, MN)   

to study the factors affecting the pH, total acidity, whey 

syneresis, and texture of set yogurts made using 

made-in-transit manufacturing technique. Nine experiments 

were carried out in random order and were defined according 

to: 1) fermentation temperature (25°C, 30°C, 35°C), 2) apple 

fiber concentration (0%, 0.5%, 1.0%, and 1.5% w/v), and 3) 

vibration or no vibration to simulate what occurs during 

long-haul transportation. Since the major objective of this 

study was to investigate the potential of producing yogurt 

using MIT, several concessions in the experimental design 

were required. Made-in-transit manufacturing technique 

greatly increase the timeframe and reduces the temperature 

control available for product formation, therefore the 

production of yogurt was designed to occur at lower than 

optimum temperature, and for a longer fermentation time. 

This project was designed as a proof of concept from which 

optimization can be performed.   

2.2. Yogurt Manufacture 

Reduced-fat (2%) milk was purchased from a local dairy 

and stored at 4°C prior to use. Three-hundred mL of milk 

was transferred into a 500 mL beaker and heated on a hot 

plate with continuous stirring while heating to prevent 

scalding. The milk was heated to an initial temperature of 

90°C and then cooled back down to 65°C using a 4°C water 

bath. The milk was continuously stirred until it reached a 

temperature of 65°C. After reaching a temperature of 65°C, 

apple fiber, donated by J Rettenmaier USA LP, Schoolcraft, 

MI, was added to the milk at varying concentrations (0.5, 

1.0%, 1.5% w/v). Following the addition of apple fiber, the 

milk was cooled to 45°C. Once the milk reached an internal 

temperature of 45°C it was inoculated with 0.1 gm per   

300 mL of milk of starter cultures (L. bulgaricus and S. 

thermophilus, Vivolac Cultures Corporation (Greenfield, 

IN)). The inoculated milk mixture was poured into three 

individual 100 mL cups. 

2.3. Fermentation Process 

The yogurt was fermented in a walk-in fermentation 

chamber at the Fermentation Science Institute in the 

McLafferty Annex at Southern Illinois University. The 

fermentation chamber was set to one of three different 

temperatures (25°C, 30°C, or 35°C) for forty-eight hours. 

Following the completion of the fermentation process the 

yogurt was moved from the fermentation chamber into a 4°C 

cold storage room for 24 hours to allow the yogurt to set. 

Non-MIT (control) samples (no vibration) with the same 

apple fiber concentrations (0, 0.5, 1.0, and 1.5%) were also 

made and underwent the same fermentation conditions 

without being placed on the vibration simulator. The 

manufacturing of yogurt occurred on three separate days 

over a two-week period. 

2.4. Made-In-Transit 

To mimic the shaking and vibration associated with 

transportation a vibration simulator was used. A Modal Shop 

2060 E vibration simulator (The Modal Shop, Inc. Cincinnati, 

OH) composed of a shaking table with a digital signal 

generator with amplifier was used for this experiment. The 

simulator was set to have an acceleration amplitude of more 

than 0.1 g for 48 h during fermentation.  

2.5. Titratable Acidity (TA) 

Titratable acidity as % lactic acid was determined by 

diluting 10 g of yogurt sample with 20 mL of distilled water 

in a 50 mL beaker. After thoroughly mixing, 10 mL of 

diluted yogurt sample was placed into a second 50 mL 

beaker with phenolphthalein indicator. 0.1 N standardized 

sodium hydroxide (NaOH) buffer was titrated into the 

sample until the sample turned pink. The quantity of sodium 

hydroxide buffer was noted to calculate the titratable acidity 

using the formula (Eq 1). 

2.6. pH 

pH was measured using an Oaklon pH tester 30. The pH 

meter was calibrated prior to use with commercial pH 4.0 

and 7.0 buffers (VWR analytical, Radnor, PA, USA).  

2.7. Whey Syneresis 

The level of spontaneous whey separation in undistributed 

set yogurt samples was determined using a siphon method. 

The method was adapted from [19]. In our experiment, 
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undistributed set yogurt samples were taken from a 4°C cold 

room and placed at a 45° angle for 3 hours to allow for the 

whey to separate from the sample. A syringe was used to 

siphon the whey from the side of the sample cup and the cup 

was reweighed. Syneresis was expressed as a percentage of 

final weight of the whey over the initial weight of the yogurt 

sample (Eq 2): 

2.8. Texture Analysis 

The gel firmness of the yogurt was determined using a 

CT3 Texture Analyzer (Brookfield Engineering Labs, Inc., 

Middleboro, MA) with a 4.5 kg load cell, which was 

operated by using the preloaded software package 

TexturePro CT V1.2 Build 9. A single two bite texture 

profile analysis test was performed using a TA6 probe at an 

initial speed of 2.0 mm/s pre-test speed followed by 1.0 

mm/s (test and post-test speed). The trigger load was set to 

0.067 N with a target depth set to 30 mm. The number of 

cycles was also being set to 2 with a fixture of TA-RT-KI.  

2.9. Sensory Analysis  

Sensory testing was conducted to determine consumer 

acceptability of yogurt produced under MIT conditions. 

Sensory sessions were conducted over three different days 

following the manufacturing of yogurt at their respective 

temperatures. The set yogurt was made three days prior to 

testing. A consumer panel consisting of 63 participants was 

recruited. A 9-point hedonic scale (1 = dislike extremely, 5 = 

neither like or dislike, 9 = like extremely) was used to 

evaluate the yogurt samples (color, taste, appearance, and 

aroma) [20]. Approximately 10 g of each sample were placed 

in plastic cups (60 mL) (Classic Sysco, Sysco Corporation, 

Houston, TX USA), lidded, and kept cold at 4 ±1°C. All 

samples were given a random three-digit and followed by a 

randomized presentation order. Water was provided to each 

participant so they could rinse their palate in between 

samples. Participants were also provided un-salted saltine 

crackers as well as an empty cup so they could expectorate 

any sample(s). Once a participant finished the first sample, 

the ballot was collected and the participant was then allowed 

to proceed onto the next one. This was repeated until they 

completed all three samples for that session. At the end of 

each session participants were allowed to grab a thank you 

snack for participating. The sensory panel analysis was 

approved by the SIUC Human Subjects Committee, Office 

of Sponsored Projects Administration (Protocol # 18124). 

2.10. Statistical Analysis 

All yogurt samples were prepared and fermented in 

triplicate. Two-way analysis of variance was performed 

using R (R project for Statistical Programing, Vienna, 

Austria) to determine the impact fermentation temperature, 

experimental treatment (vibration), and apple concentration 

had on the pH, texture analysis, total acidity, and whey 

syneresis.  

3. Results and Discussion 

3.1. pH 

pH is a critical quality control step for the production of 

dairy products including yogurt and can indicate if a sample 

has been contaminated with bacteria or chemicals, while  

also providing a convenient method for estimating acid 

development. The mean pH data is shown in Table 1. The 

mean pH values ranged from 3.73 – 4.41 for all of the yogurt 

samples. The fermentation temperature had a significant 

impact (p < 0.05) on final pH of the yogurt samples, while 

the apple fiber and the MIT conditions had no statistically 

significant impact on pH. 

The pH of yogurt made for this study fell within 

commercial manufacturing standards with the exception of 

the experimental yogurt samples made at 35°C, which 

ranged from 3.85 – 3.92 and the non-MIT sample made using 

the MIT concept at 30°C. Commercial yogurt pH values 

generally fell within the range of 4.0 – 4.6. The lower pH of 

these samples may indicate that they were over fermented as 

a result of the longer fermentation time. It is likely that as the 

temperature approaches the optimal temperature (40°C) the 

required fermentation time would be substantially less than 

the 48 hours used in this study.  

The pH of the experimental samples with the exception of 

the 35°C were found to be higher. Previous researchers 

found that when a fiber source is incorporated into the yogurt 

matrix it caused the final pH to increase [21,22]; however, 

that was not the case for our samples. Our samples followed 

a similar pattern to Issar and their research team in that when 

the apple fiber concentration increased the overall pH of the 

yogurt stayed relatively constant [23]. Similarly to the results 

found by Issar et al. 2009, while the pH varied over the  

three different fermentation temperatures the pH within  

each particular fermentation temperature stayed relatively 

consistent despite the increase in the concentration of apple 

fiber.  

3.2. Syneresis 

The percentage of whey separation using the siphon 

method in yogurts made with varying levels of apple fiber (0, 

0.5, 1.0, and 1.5%) at different temperatures under controlled 

and experimental conditions is shown in Table 2. The mean 

percentage for whey syneresis ranged widely from 3.95% – 

37.56%. It was determined that the interaction between the 

fermentation temperature and MIT had a significant impact 

(p < 0.05) on the whey syneresis. The utilization of the MIT 

processing technique was shown to cause an increase in the 

whey syneresis. As previously stated in regards to pH, apple 

fiber appeared to have no effect on the whey syneresis.  

The overall goal when manufacturing yogurt is to produce 

a yogurt with as little whey syneresis as possible. Unlike pH, 

which is a key indicator of safety, whey syneresis is an 

industry measure of a sensory (visual) defect. Syneresis is 

caused by the shrinkage of the gel matrix. An increase in 
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syneresis can occur when the fermentation process is stopped 

too early or too late, resulting in the yogurt being too acidic 

or too alkaline, excessive treatment of the mix, low 

concentration of total solids, and movement or agitation of 

the yogurt during or shortly after gel formation [24]. 

Previous researchers have looked at the impact different 

dietary fibers have on whey syneresis. Fernandez et al. 1997, 

looked at the presence or absence of whey syneresis using 

five different types of dietary fibers: oat, beet, corn, soy, and 

rice. Of the five fibers utilized, soy and sugar beet caused 

partial whey syneresis due to decreasing viscosity of the 

yogurt. Viscosity is attributed to the interactions between 

exogenous hydrocolloid proteins [21]. Whey syneresis 

values can vary dependent upon the method used 

(centrifugation method or drainage), starter cultures that can 

produce exopolysaccharides (EPS), experimental parameters, 

stabilizers utilized, and total milk solids [19,25,26].  

In this experiment, it was determined that the yogurt 

samples manufactured at 25°C under MIT conditions had the 

highest percentage of whey syneresis at 15.0 – 37.56% 

followed by 35°C (14.23 – 32.74%) and 30°C (23.92 – 

26.26%) MIT treatment samples. The increase in whey 

syneresis of the MIT samples was caused by the movement 

or agitation of the yogurt during and shortly after the gel 

formation during the MIT manufacturing process. The 

non-MIT samples manufactured at 35°C had the lowest 

percentage of whey syneresis (3.95 – 4.87%) for all of the 

yogurt samples manufactured followed by 30°C (4.82 – 

13.28%) and 25°C (7.25 – 12.64%) for the next lowest 

percentage of whey syneresis values. The MIT conditions 

employed in this study could have led to overfermentation 

which would have contributed syneresis values. However, 

with no direct correlation between temperature and observed 

whey syneresis this cannot be confirmed.   

3.3. Titratable Acidity (TA) 

The percentage of titratable acidity as % lactic acid (TA) 

in yogurts made with varying levels of apple fiber (0, 0.5, 1.0, 

and 1.5%) at different fermentation temperatures under 

non-MIT and MIT conditions is shown in Table 3. The TA 

ranged from 1.08 – 3.02%. It was determined that there was 

significant interaction between the fermentation temperature 

and the experimental (vibration) treatment at (p<0.05) 

effecting TA. The apple fiber concentration appeared to have 

no impact on the TA.  

The main flavor associated with yogurt is the sourness 

produced by the starter cultures. Lactic acid has low 

volatility and is thus not typically associated with the aroma 

profile of yogurt. However, it does play a vital role in the 

overall flavor profile of yogurt. Most yogurts contain 

approximately 0.8 – 1.0% lactic acid. Consumers are capable 

of detecting the sourness in yogurt in the absence of 

sweeteners and other flavorants once the pH drops below 

five [1]. The United States standards requires that the TA of 

yogurt be ≥ 0.9 [27], while Australia and New Zealand  

allow for a TA of 0.7% or greater [28]. The MIT samples 

fermented at 25°C had the lowest TA (1.64 – 1.94%) values 

for all of the fermented samples, while the 35°C samples 

(MIT and non-MIT) had the highest TA (1.99 – 2.68%). 

Both the experimental and control samples had values that 

overlapped. The highest TA value overall was observed for 

the 0% control sample at 25°C with a concentration of 3.02%. 

The 0% apple fiber concentration held the highest TA for the 

control samples at 25°C and 35°C and the 30°C experimental 

samples. Other researchers generally found that their TA 

values fell within the 0.8 – 1.0% [29-38] range, although the 

commercially available yogurt samples had similar TA 

values ranging from 1.35 – 1.98%. The higher TA values 

could be an indication of over fermentation but is within the 

range of commercial yogurts tested.  

3.4. Adhesiveness 

Texture properties including adhesiveness and 

cohesiveness play an important role in the overall quality of 

yogurt. The adhesiveness of the yogurt shows adhesion to the 

texture analyzer probe and the greater the adhesiveness, the 

thicker the yogurt [39]. The adhesiveness values of yogurts 

made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) 

at different fermentation temperatures under MIT and 

non-MIT conditions are shown in Table 4. The mean 

adhesiveness values in this project ranged from 0.38 – 3.10 

mJ. It was determined that the MIT treatment and the 

fermentation temperature interaction had a significant 

impact (p<0.05) on the adhesiveness of the yogurt samples. 

The apple fiber appeared to have no impact on the 

adhesiveness. The non-MIT samples fermented at 25°C and 

30°C had higher adhesiveness values then the MIT samples. 

However, the 0% and 0.5% apple fiber samples were higher 

than the non-MIT, but the 1.0% and 1.5% apple fiber 

concentration samples were lower than the non-MIT. 

Adhesiveness is the force required to remove the adhered 

material from surfaces in the mouth while eating. 

Adhesiveness is a measure of stickiness of yogurt and can 

inversely be related to eating quality of yogurt. The 

adhesiveness values obtained during this project (values 

range) compared to previously reported values (-180.4 to 

1.35 mJ) did not show significant overlap [29,32,34]. These 

results indicate the yogurt made at this time under MIT 

manufacturing conditions a weak gel matrix resulting in a 

thin body yogurt. Commercial samples obtained from a local 

grocery store had adhesiveness values of 0.07 – 0.31 mJ 

using the instrument within our laboratory and these 

commercial sample controls fell within values previously 

reported by other research groups.   

3.5. Cohesiveness 

The mean values for cohesiveness in yogurts made with 

varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at 

different fermentation temperatures under MIT and non-MIT 

conditions are shown in Table 5. Cohesiveness is related   

to a consumer’s acceptability of yogurt, hence why it is    

an important parameter for analyzing yogurt texture. 
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Cohesiveness mainly displays the resistance of the yogurt to 

the pressure of the probe and the smaller the cohesiveness 

values the smoother the yogurt [39]. The mean cohesiveness 

values ranged from 0.38 – 0.66. The MIT treatment had    

a significant impact (p<0.05) on the cohesiveness of the 

yogurt samples. The other variables such as apple fiber 

concentration and fermentation temperature appeared to 

have no significant impact on the cohesiveness of the yogurt 

samples.  

3.6. Sensory 

The mean data values for the 63 participants are shown  

in Figures 1 - 4. The consumer acceptability for flavor, 

appearance, color, and body and texture were all the 

attributes ranked for this particular consumer hedonic panel. 

The consumer ratings for likeness results indicate that 

fermentation temperature and apple fiber concentrations had 

a significant impact (p < 0.05) on the flavor and color of the 

yogurt made under MIT conditions. The apple fiber 

concentration had a significant impact (p < 0.05) on the 

appearance and the body of the yogurt made under MIT 

conditions. 

The consumer likeness ranged from 2.27 to 5.69 for the 

yogurt’s flavor. The consumer likeness values fell under the 

word categories of (dislike very much) too slightly under 

(like slightly). As the fermentation temperature approached 

traditional temperatures for the manufacturing of yogurt 

(40-45°C) [1] consumers generally found it more appealing. 

However, as the apple fiber concentration increased 

consumers generally ranked the flavor lower overall for all 

fermentation temperatures. Comments were made by a 

number of participants that as the concentration of apple 

fiber increased they perceived a higher level of bitterness 

associated with that particular sample. Apple fiber along 

with other fibers can interact with food components during 

processing. These interactions have the ability to cause 

changes in the bioavailablity of nutrients, texture, as well as 

the flavor of a product [21]. 

 

Table 1.  The mean pH values for each yogurt made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at different temperatures under MIT and 
non-MIT conditions 

 Fermentation Temperatures 

Apple Fiber 

Concentration (w/V) 

25°C 30°C 35°C 

MIT Non-MIT MIT Non-MIT MIT Non-MIT 

0% 4.04 ±0.14 4.24 ±0.02 3.73 ±0.27 4.08 ±0.12 3.95 ±0.38 3.88 ±0.08 

0.5% 4.41 ±0.05 4.39 ±0.17 4.32 ±0.06 4.22 ±0.11 3.85 ±0.14 4.07 ±0.12 

1.0% 4.39 ±0.07 4.43 ±0.17 4.23 ±0.04 4.26 ±0.14 3.92 ±0.06 4.09 ±0.09 

1.5% 4.37 ±0.05 4.37 ±0.17 4.21 ±0.08 4.16 ±0.11 3.92 ±0.14 4.08 ±0.09 

N = 9 (Mean± SD) 

Table 2.  The percentage of whey separation using the siphon method in yogurts made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at different 
temperatures under MIT and non-MIT conditions 

 Fermentation Temperatures 

Apple Fiber 

Concentration 

(w/V) 

25°C 30°C 35°C 

MIT (%) Non-MIT (%) MIT (%) 
Non-MIT 

(%) 
MIT (%) Non-MIT (%) 

0% 15.0 ±5.4 10.16±5.88 23.92±0.69 13.28±7.14 14.23±4.72 3.95±0.38 

0.5% 33.4±  8.64 11.98±3.8 25.54± 19.83 5.68±2.57 27.23± 13.85 4.87±0.99 

1.0% 37.56± 13.1 12.64±4.47 24.71 ± 17.97 4.82±2.16 29.65± 11.76 4.46±0.91 

1.5% 32.3± 13.4 7.25±4.6 26.26± 21.12 4.93±1.55 32.74± 21.14 4.34±1.10 

N = 9 (Mean± SD) 

Table 3.  The percentage of total acidity as % lactic acid (titratable acidity) in yogurts made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at 
different fermentation temperatures under non-MIT and MIT conditions 

 Fermentation Temperatures 

Apple Fiber 

Concentration 

(w/V) 

25°C 30°C 35°C 

MIT (%) Non-MIT (%) MIT (%) Non-MIT (%) MIT (%) Non-MIT (%) 

0% 1.64 ±0.11 3.02 ±0.12 2.44 ±0.31 1.94 ±0.11 2.04 ±0.14 2.72 ±0.22 

0.5% 1.93 ±0.11 1.51 ±0.56 1.94 ±0.11 1.78 ±0.18 2.68 ±0.60 1.99 ±0.20 

1.0% 1.91 ±0.18 1.61 ±0.22 2.00 ±0.14 1.78 ±0.06 2.55 ±0.33 2.01 ±0.10 

1.5% 1.97 ±0.21 1.08 ±0.22 2.05 ±0.13 1.98 ±0.18 2.45 ±0.24 2.24 ±0.96 

N = 9 (Mean± SD) 
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Table 4.  The adhesiveness values in yogurts made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at different fermentation temperatures under 
MIT and non-MIT conditions 

 Fermentation Temperatures 

Apple Fiber 

Concentration 

(w/V) 

25°C 30°C 35°C 

MIT (mJ) Non-MIT (mJ) MIT (mJ) Non-MIT (mJ) MIT (mJ) Non-MIT (mJ) 

0% 0.52 ±0.55 1.59 ±1.47 1.11 ±1.87 2.02 ±0.86 3.10 ±0.65 0.60 ±0.55 

0.5% 0.63 ±0.45 0.99 ±0.31 0.58 ±0.36 1.22 ±0.68 2.35 ±0.41 1.49 ±0.82 

1.0% 0.38 ±0.2 0.96 ±0.15 0.63 ±0.33 1.3 ±1.0 0.8 ±0.28 2.35 ±3.02 

1.5% 0.48 ±0.41 1.12 ±0.29 0.85 ±0.71 1.38 ±0.8 0.6 ±0.72 0.79 ±0.72 

N = 9 (Mean± SD) 

Table 5.  The mean values for cohesiveness in yogurts made with varying levels of apple fiber (0, 0.5, 1.0, and 1.5%) at different fermentation temperatures 
under MIT and non-MIT conditions 

 Fermentation Temperatures 

Apple Fiber 

Concentration (w/V) 

25°C 30°C 35°C 

MIT Non-MIT MIT Non-MIT MIT Non-MIT 

0% 0.38 ±0.06 0.41 ±0.09 0.5 ±0.25 0.51 ±0.13 0.40 ±0.15 0.55 ±0.21 

0.5% 0.48 ±0.18 0.57 ±0.12 0.56 ±0.13 0.41 ±0.15 0.66 ±0.22 0.43 ±0.19 

1.0% 0.58 ±0.27 0.50 ±0.03 0.64 ±0.39 0.41 ±0.12 0.61 ±0.23 0.5 ±0.29 

1.5% 0.49 ±0.21 0.51 ±0.07 0.65 ±0.29 0.41 ±0.17 0.62 ±0.24 0.5 ±0.27 

N = 9 (Mean± SD) 

 

 

Figure 1.  The mean sensory attributes of flavor 

 

Figure 2.  The mean sensory attributes of appearance 

 

Figure 3.  The mean sensory attributes of body and texture 

 

Figure 4.  The mean sensory attribute of color 
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The next attribute that the participants were asked to rank 

was the overall appearance of the yogurt. The consumer 

likeness for appearance ranked from 2.09 (dislike very much) 

to 6.92 (almost - Like moderately). Yogurt manufactured at 

25°C with an apple fiber concentration of 1.5% received the 

lowest ranking, while the control yogurt (0% apple fiber) 

manufactured at 35°C received the highest ranking. 

The body and texture of the yogurt ranged from 2.45 

(dislike very much) to 6.38 (like slightly). The control yogurt 

made with zero apple fiber at 35°C received the highest 

ranking, while the yogurt made at 25°C with an apple fiber 

concentration of 1.5% received the lowest consumer ranking 

score. As the yogurt approached traditional fermentation 

temperatures (40-45°C) [1] the panelist generally ranked the 

yogurt samples lower as the apple fiber increased. This trend 

was only seen in the 35°C samples. The 25°C and 30°C 

yogurt samples followed a different trend in which the 1% 

apple fiber concentration had the highest ranking, followed 

by 0.5% and then 1.5%. 

The final attribute that the panelists were asked to analyze 

was color. Participants ranked the yogurt from 3.09 (dislike 

moderately), which was made with 1.5% apple fiber 

concentration at 25°C, to 7.38 (like moderately) with no 

apple at 25°C. Although, the yogurt control samples 

fermented at 30°C and 35°C both received an average score 

of 7.23, it appears that the fermentation temperature had no 

significant impact on the overall consumer’s acceptance of 

color. As the apple fiber concentration increased in the 

samples, the overall discoloration of the yogurt increased as 

well and was noted by the panelists. Thus, the yogurt 

samples made with 1.5% apple fiber concentration were 

ranked the three lowest for the color attribute. Previous 

researchers excluded apple fiber from their consumer 

sensory panels due to the yogurt changing from its 

customary whitish color to a light brownish color [40].  

3.7. Equations 

%TA = 
( 90∗0.1𝑁∗𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  0.1 𝑁 𝑁𝑎𝑂𝐻∗2)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓  𝑦𝑜𝑔𝑢𝑟𝑡
× 100     (1) 

Syneresis (%) = (initial weight – final weight/initial weight)* 

100                      (2) 

4. Conclusions  

It was determined that the fermentation temperature and 

the MIT treatment had an impact on the physicochemical 

properties of made-in-transit (MIT) yogurt. The apple fiber 

appeared to have had little to no impact on the 

physicochemical attributes of MIT yogurt, however it did 

seem to have a greater impact on the sensory attributes of the 

yogurt than the fermentation temperature. The use of MIT as 

a manufacturing technique is still in its infancy and there are 

a number of hurdles that must be overcome before it can be 

implemented by the dairy industry. However, further 

research is still required on finding ways to decrease whey 

syneresis in the MIT samples. In addition, the balance 

between fermentation temperature and time needs to be 

investigated within the context of the made-in-transit yogurt 

production to understand the effect of fermentation 

conditions on the final yogurt. While the apple fiber 

appeared to have not impacted the physiochemical properties 

of the yogurt it did however provided prebiotics to the 

consumer. 
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