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ANNOTATION 
Gao Dan. Technology of protein isolate pumpkin seed meal and food 

products using it – Qualifying scientific work on the rights of manuscript. 
Dissertation for the degree of the Doctor of Philosophy in the specialty 181 − 
«Food technologies» − Sumy National Agrarian University, Sumy, 2023.  

The dissertation is devoted to experimental research and its scientific 
confirmation, regarding the substantiation of the technology of obtaining protein 
isolate from pumpkin seed meal with increased protein content and high 
functional and technological properties using the method of alkaline extraction, 
the action of ultrasound, isoelectric precipitation and pH-adjusting treatment. It 
has been experimentally confirmed that the use of the developed protein isolate 
from pumpkin seed meal in the technology of meat sausages and biscuits makes 
it possible to increase their biological value while fully preserving the high 
structural-mechanical and organoleptic characteristics of these products. 

In the first chapter, the existing problem of accumulation of oilseed meal 

waste, namely pumpkin seed meal, which contains a large amount of complete 

protein, and its irrational use is considered. Known methods of obtaining protein 

isolates from oilseed meals are summarized, their advantages and disadvantages 

are described. The functional properties of protein isolate, necessary for use in the 

food industry, are analyzed, and the product technologies in which protein isolates 

are most often used and for what purpose are described. 

In the second chapter, the general plan of scientific research is formulated, 

the main direction of the dissertation work is reflected, and research materials and 

methods are presented. All experimental methods and equipment are described in 

this section. Standard and generally accepted research methods were used to study 

functional properties, structural properties, sensory parameters, consistency, 

physicochemical and microbiological analyses. Scientific mathematical and 

statistical methods of processing experimental results are described. The research 

was carried out at Hezhou University in China, Sumy National Agricultural 

University in Ukraine, the results of experiments are confirmed by relevant 

research protocols. 
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The third part compared the functional characteristics of four different 

oilseed protein isolates: peanut protein isolate, pumpkin seed meal protein isolate, 

sunflower seed meal protein isolate, and soy protein isolate. The results showed 

that different protein isolates had different functional characteristics. The foaming 

capacity of peanut protein isolate showed the highest value of 18.18% compared 

to pumpkin seed meal protein isolate (3.88%), soybean protein isolate (7.76%) 

and sunflower seed meal protein isolate (9.33%). The maximum value of the 

emulsifying ability was demonstrated by the soy protein isolate, which was 100.84 

m2/g. The soaking time of 11.02 s and the fat absorption capacity of 1.34 ml/g of 

pumpkin seed meal protein isolate had the best indicators compared to other types 

of protein isolates. This makes it possible to consider the protein isolate from 

pumpkin seed meal as a potential additive to meat products and can improve the 

fat absorption properties, which in turn have the greatest impact on the taste 

qualities of meat products. In addition, pumpkin seed meal protein isolate does 

not affect the organoleptic and nutritional value of food products, as it does not 

contain chlorogenic acid, such as sunflower seed meal protein isolate. 

The method of ultrasonic alkaline extraction and acid precipitation has been 

developed. To do this, a three-factor, three-level Box-Behnken design, response 

surface methodology was used to optimize protein isolate conditions such as 

sonication power, sonication time, and liquid-to-solid ratio. Appropriate statistical 

methods and polynomial-regression analysis of experimental data were used, 

which made it possible to obtain a quadratic polynomial equation. Response 

surfaces were used to demonstrate the effects of the interaction of independent 

factors on the yield of protein isolate extraction from pumpkin seed meal. In 

addition, it was found that the best conditions for the extraction of protein isolate 

from pumpkin seed meal were at an ultrasound power of 456 W, an ultrasound 

period of 22 min, and a liquid-to-solid ratio of 27 ml/g. These values were 

obtained by solving the regression equation and examining contour plots of the 

response surface. The results showed that the experimental value of protein isolate 

yield from pumpkin seed meal (80.76 g/100 g) was quite similar to the predicted 
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value (81.86 g/100 g). This indicates a strong agreement between the experimental 

value and the predicted value of the regression model. However, it will be 

impossible to achieve such results in industrial production, since the protein 

content in the meal fluctuates to a large extent and the predicted yield of protein 

isolate from the pumpkin meal will fluctuate within 50%-60%. Therefore, it was 

confirmed that the extraction conditions of protein isolate from pumpkin seed 

meal can be accurately predicted using the response surface equation. The 

possibility of using ultrasonic alkaline extraction to obtain protein isolate from 

pumpkin seed meal was revealed. However, this method does not significantly 

affect the functional properties of the protein isolate from pumpkin seed meal, and 

preference was given to the method of pH- shifting treatment. 

Pumpkin seed meal protein isolate was subjected to a pH-adjusting 

treatment to improve its functional characteristics. Pumpkin seed meal protein 

isolate was tested at several pH levels (pH 2, pH 4, pH 6, pH 8, pH 10, and pH 

12), which were designated as samples PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10 

and PSPI 12, respectively. The effect of pH-adjusting treatment on the solubility 

of PSPI samples was investigated. An increase in solubility was observed only in 

sample PSPI 8 (55.5%) compared to the control PSPI (45.6%), while the solubility 

of samples PSPI 2 (13.7%), PSPI 4 (10.8%), PSPI 10 ( 41.8%) and PSPI 12 

(13.4%) decreased. Then the average particle size and zeta-potential of soluble 

protein were determined in PSPI samples followed by electrophoresis in sodium 

dodecyl sulfate polyacrylamide gel. After the process of changing the pH, the 

average particle size of samples PSPI 2, PSPI 4 and PSPI 12 decreased. PSPI 2 

and PSPI 12 samples had a low zeta potential. Other samples did not show a 

significant difference in these two indicators. In addition, an increased amount of 

soluble protein bands at 33 kDa and 25 kDa was detected in the PSPI 8 sample. 

The influence of pH-shifting treatment on heat-induced gel characteristics 

of protein isolate from pumpkin seed meal was studied. In the obtained gels, the 

water absorption capacity was studied, textural analysis was carried out (hardness, 

adhesiveness and cohesion), and the state of water was determined. Compared to 
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the control, the water-absorbing capacity of PSPI 6 and PSPI 8 samples was 

significantly higher. Only the hardness of the sample PSPI 6 showed an increased 

value when checking the texture of the gels. The cohesiveness of PSPI samples 

after treatment at pH 2, pH 4, pH 6, pH 8, pH 10, and pH 12 did not change 

significantly compared to the control. The adhesiveness of samples PSPI 2, PSPI 

4 and PSPI 10 decreased significantly, but the adhesiveness of PSPI 6, PSPI 8 and 

PSPI 12 samples did not change significantly compared to the control. The state 

of water in gels, after pH- shifting treatment, changed as a result of nuclear 

magnetic resonance in a low-frequency field. PSPI 4 and PSPI 6 samples had a 

significantly lower level of bound water compared to the control. However, 

samples PSPI 8, PSPI 10 and PSPI 12 had a higher level of bound water compared 

to the control. The immobilized water of sample PSPI 6 had a higher value 

compared to samples PSPI 2, PSPI 4, PSPI 8, PSPI 10, and PSPI 12. These 

findings suggest that pH-shifting treatment will be a practical and affordable way 

to modify the functional properties of protein isolate gels from pumpkin seed meal, 

offering fundamental insight into future uses of this isolate in food technology. 

The thermal, structural and emulsifying characteristics of samples of 

protein isolate from pumpkin seed meal processed by the method of pH- shifting 

treatment were studied. The PSPI control showed denaturation temperatures of 

87.67 and 104.11°C, with corresponding enthalpies of 1.66 and 0.37 J/g, 

according to differential scanning calorimetry analysis. Only PSPI sample 2 

among other PSPI samples did not change significantly compared to the control 

PSPI, in terms of denaturation temperatures and enthalpies. Emulsion stability in 

samples PSPI 2, PSPI 4, and PSPI 12 increased by 42.32, 67.58, and 40.87%, 

respectively, while the emulsifying activity of PSPI 2, PSPI 4, and PSPI 12 

samples increased by 205.84, 298.98 and 288.69%, respectively. The content of 

disulfide bonds in samples PSPI 2, PSPI 4 and PSPI 12 improved (p < 0.05) by 

7.46, 9.28 and 5.01%, respectively, while the content of free sulfhydryl groups in 

them decreased (p < 0.05) by 36.69, 44.39, and 29.11%, respectively, which 

indicates that the increased emulsifying properties of samples PSPI 2, PSPI 4, and 
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PSPI 12 can be associated with an increase in the content of disulfide bonds and 

by reducing the content of free sulfhydryl groups. However, the hydrophobicity 

of the surface and the particle size of the PSPI samples did not correlate in any 

way with their emulsifying ability. 

In the fourth section, a one-way test and an orthogonal test were conducted 

to determine the optimal formulation of cookies with pumpkin seed meal and 

pumpkin seed meal isolate, in which the ratio of low gluten wheat flour, pumpkin 

seed meal, pumpkin seed meal isolate and konjac powder was 2:1:1, the amounts 

of vegetable oil and butter were 4.0% and 12.0%, respectively, and the amount of 

maltitol was 20.0%. Nutritional analysis shows that pumpkin seed meal and 

pumpkin seed meal isolate cookies contain 59.2% carbohydrates, including 19.1% 

dietary fiber, 20.4% protein, 18.0% fat and 1.8% ashes. 

With the help of orthogonal tests and univariate studies, a new recipe for 

meat product was created. The ideal production parameters were 1.5 g/100 g of 

protein isolate from pumpkin seed meal, 80 g/100 g of lean meat. The sensory 

evaluation of the developed meat product was 8.5 points, which was confirmed 

by the relevant acts of tasting. The moisture, ash, protein and fat content were 

51.16 g/100 g, 2.26 g/100 g, 15.22 g/100 g and 23.15 g/100 g, respectively. This 

study can provide important information for the further use of pumpkin seed meal 

protein isolate in the technology of minced meat products such as sausages and 

meet-containing breads. 

Degustation of biscuits and meat products with the addition of pumpkin 

seed meal protein isolate was carried out at Hezhou University in China. 

Degustation results were recorded in the relevant degustation protocols. 

In the fifth chapter, the results of the practical application of the technology 

of protein isolate from pumpkin seed meal are presented and the socio-economic 

effect of the introduction of this technology into production is investigated, the 

cost of production is calculated, and data on the popularization of the research 

results are summarized. The economic feasibility of introducing the developed 

technologies into the practical activities of food enterprises has been proven. 
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АНОТАЦІЯ 
Гао Дан. Технологія білкового ізоляту із шроту насіння гарбуза та 

харчових продуктів з його використанням. - Кваліфікаційна наукова праця 

на правах рукопису. Дисертація на здобуття наукового ступеня доктора 

філософії за спеціальністю 181 «Харчові технології». – Сумський 

національний аграрний університет, Суми, 2023. 

Дисертація присвячена експериментальному дослідженню та його 

науковому підтвердженні, щодо обґрунтування технології одержання 

білкового ізоляту із шроту насіння гарбуза із підвищеним вмістом протеїну 

та високими функціонально-технологічними властивостями за допомогою 

методу лужної екстракції, дії ультразвуку, ізоелектричного осадження та 

рН-коригуючої обробки. Експериментально підтверджено, що 

використання розробленого ізоляту білка із шроту насіння гарбуза у 

технології м’ясних ковбас та печива дає можливість підвищити їх 

біологічну цінність при повному збереженні високих структурно-

механічних та органолептичних характеристик даних продуктів. 

У першому розділі розглянута існуюча проблема накопичення 

відходів шроту олійних культур, а саме шроту насіння гарбуза, що містить 

велику кількість повноцінного білка, і його нераціональне використання. 

Підсумовано відомі способи отримання білкових ізолятів з шротів олійних 

культур, описуються їх переваги та недоліки. Проаналізовано 

функціональні властивості ізоляту білка, необхідні при використанні в 

харчовій промисловості, і описано технології продуктів, в яких білкові 

ізоляти найчастіше використовуються і з якою метою. 

У другому розділі сформульовано загальний план наукового 

дослідження, відображено основне спрямування дисертаційної роботи, 
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представлено матеріали та методи дослідження. У цьому розділі описані всі 

експериментальні методи та обладнання. Стандартні та загальноприйняті 

методи дослідження використовувались для вивчення функціональних 

властивостей, структурних властивостей, сенсорних параметрів, 

консистенції, фізико-хімічних і мікробіологічних аналізів. Описані наукові 

математико-статистичні методи обробки експериментальних результатів. 

Дослідження проводились в Університеті Хечжоу в Китаї, Сумському 

національному аграрному університеті в Україні, результати експериментів 

підтверджені відповідними протоколами досліджень. 

У третій частині було порівняно функціональні характеристики 

чотирьох різних ізолятів білка олійних культур: ізоляту білка арахісу, 

ізоляту білка із шроту насіння гарбуза, ізоляту білка із шроту насіння 

соняшнику та ізоляту білка сої. Результати показали, що різні ізоляти білка 

мали різні функціональні характеристики. Піноутворююча здатність ізоляту 

білка арахісу показала найбільше значення 18,18% порівняно з ізолятом 

білка із шроту насіння гарбуза (3,88%), ізолятом білка сої (7,76%) та 

ізолятом білка із шроту насіння соняшнику (9,33%). Максимальне значення 

емульгуючої здатності продемонстрував ізолят білка сої, що склало 100,84 

м2/г. Час змочування, що склав 11,02 с і жиропоглинаюча здатністю 1,34 

мл/г ізоляту білка із шроту насіння гарбуза мали найкращі показники у 

порівнянні із іншими видами ізолятів білка. Це дає можливість розглядати 

ізолят білка із шроту насіння гарбуза у якості потенційної добавки до 

м’ясних продуктів і може покращити жиропоглинаючі властивості, що в 

свою чергу найбільше впливають на смакові якості м’ясних продуктів. Крім 

того, ізолят білка із шроту насіння гарбуза не впливає на органолептичну та 

поживну цінність харчових продуктів, оскільки не містить хлорогенової 

кислоти, як наприклад, ізолят білка шроту насіння соняшника. 

Розроблено методику ультразвукової лужної екстракції та кислотного 

осадження. Для цього використовували трифакторний, трирівневий дизайн 

Box-Behnken, методологію поверхні відгуку для оптимізації умов 
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отримання ізоляту білка, таких як ультразвукова потужність, 

ультразвуковий час і співвідношення рідини до твердої речовини. 

Використані належні статистичні методи та поліноміально-регресійний 

аналіз експериментальних даних, що дали можливість отримати квадратне 

поліноміальне рівняння. Для демонстрації ефектів взаємодії незалежних 

факторів на вихід екстракції ізоляту білка із шроту насіння гарбуза 

використовували поверхні відгуку. Крім того, було встановлено, що 

найкращі умови екстракції ізоляту білка із шроту насіння гарбуза були при 

потужності ультразвуку 456 Вт, періоді ультразвуку 22 хв і співвідношенні 

рідини до твердої речовини 27 мл/г. Ці значення були досягнуті шляхом 

розв’язання рівняння регресії та дослідження контурних графіків поверхні 

відгуку. Результати показали, що експериментальне значення виходу 

ізоляту білка із шроту насіння гарбуза (80,76 г/100 г) було досить подібним 

до прогнозованого значення (81,86 г/100 г). Це вказує на сильну 

відповідність між експериментальним значенням і прогнозованим 

значенням регресійної моделі. Однак, досягти таких результатів при 

промисловому виробництві буде неможливо, тому що вміст білка в шроті 

коливається великою мірою і прогнозований вихід білкового ізоляту зі 

шроту гарбуза коливатиметься в межах 50%-60%. Тому було підтверджено, 

що умови екстракції ізоляту білка із шроту насіння гарбуза можна точно 

передбачити за допомогою рівняння поверхні відгуку. Виявлено можливість 

використання ультразвукової лужної екстракції для отримання ізоляту білка 

із шроту насіння гарбуза. Проте, цей метод не впливає у значній мірі на 

функціональні властивості ізоляту білка із шроту насіння гарбуза і перевагу 

було надано методу рН-коригуючої обробки. 

Ізолят білка із шроту насіння гарбуза був підданий рН-коригуючій 

обробці для покращення його функціональних характеристик. Ізолят білка 

із шроту насіння гарбуза досліджували на кількох рівнях pH (pH 2, pH 4, pH 

6, pH 8, pH 10 та pH 12), які позначалися як зразки ІБНГ 2, ІБНГ 4, ІБНГ 6, 

ІБНГ 8, ІБНГ 10 та ІБНГ 12 відповідно. Було досліджено вплив рН-
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коригуючої обробки на розчинність зразки ІБНГ. Збільшення розчинності 

спостерігалось лише у зразка ІБНГ 8 (55,5 %) порівняно з контрольним ІБНГ 

(45,6 %), тоді як розчинність зразків ІБНГ 2 (13,7 %), ІБНГ 4 (10,8 %), ІБНГ 

10 (41,8 %) та ІБНГ 12 (13,4%) знизилась. Потім визначали середній розмір 

частинок і дзета-потенціал розчинного білка у зразках ІБНГ з подальшим 

електрофорезом у поліакриламідному гелі додецилсульфату натрію. Після 

процесу зміни pH середній розмір частинок зразків ІБНГ 2, ІБНГ 4 і ІБНГ 12 

зменшився. Низький дзета-потенціал мали зразки ІБНГ 2 і ІБНГ 12. Інші 

зразки не показали істотної різниці в цих двох показниках. Крім того, було 

виявлено підвищену кількість смуг розчинного білка при 33 кДа та 25 кДа у 

зразку ІБНГ 8. 

Було вивчено вплив рН-коригуючої обробки на теплоіндуковані 

характеристики гелю ізоляту білка із шроту насіння гарбуза. У отриманих 

гелях досліджували водопоглинаючу здатність, проводили текстурний 

аналіз (твердість, адгезивність і когезійність), а також визначали стан води. 

Порівняно з контролем водопоглинаюча здатність зразків ІБНГ 6 та ІБНГ 8 

була значно вищою. Лише твердість зразка ІБНГ 6 показала підвищене 

значення при перевірці текстури гелів. Когезивність зразків ІБНГ після 

обробки при рН 2, рН 4, рН 6, рН 8, рН 10 і рН 12 суттєво не змінилася 

порівняно з контролем. Адгезивність зразків ІБНГ 2, ІБНГ 4 і ІБНГ 10 

значно знизилася, однак адгезивність у зразках ІБНГ 6, ІБНГ 8 і ІБНГ 12 

суттєво не змінилася порівняно з контролем. Стан води в гелях, після рН-

коригуючохї обробки змінився в результаті ядерно-магнітного резонансу в 

низько-частотному полі. Значно нижчий рівень зв’язаної води мали зразки 

ІБНГ 4 і ІБНГ 6 у порівнянні з контролем. Проте зразки ІБНГ 8, ІБНГ 10 і 

ІБНГ 12 мали більш високий рівень зв’язаної води у порівнянні з контролем. 

Іммобілізована вода зразка ІБНГ 6 мала більш високе значення у порівнянні 

зі зразками ІБНГ 2, ІБНГ 4, ІБНГ 8, ІБНГ 10 і ІБНГ 12. Ці висновки свідчать 

про те, що рН-коригуюча обробка буде практичним і доступним способом 

модифікації функціональних властивостей гелів ізоляту білка із шроту 
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насіння гарбуза, пропонуючи основоположне розуміння шляхів 

майбутнього використання даного ізоляту у технологіях харчових продуктів. 

Вивчено термічні, структурні та емульгуючі характеристики зразків 

білкового ізоляту із шроту насіння гарбуза, оброблених методом рН-

коригуючої обробки. Контроль ІБНГ показав температури денатурації 87,67 

і 104,11 °C, з відповідними ентальпіями 1,66 і 0,37 Дж/г, згідно з аналізом 

диференціальної скануючої калориметрії. Лише зразок ІБНГ 2 серед інших 

зразків ІБНГ не змінився суттєво порівняно з контрольним ІБНГ, щодо 

температур денатурації та ентальпій. Стійкість емульсії у зразках ІБНГ 2, 

ІБНГ 4 та ІБНГ 12 зросла на 42,32, 67,58 та 40,87 % відповідно, тоді як 

емульгуюча активність зразків ІБНГ 2, ІБНГ 4 та ІБНГ 12 зросла на 205,84, 

298,98 та 288,69 % відповідно. Вміст дисульфідних зв’язків у зразках ІБНГ 

2, ІБНГ 4 та ІБНГ 12 покращився (p < 0,05) на 7,46, 9,28 та 5,01 % відповідно, 

тоді як вміст вільних сульфгідрильних груп у них знизився (p < 0,05) на 

36,69, 44,39 та 29,11 % відповідно, що свідчить про те, що підвищені 

емульгуючі властивості зразків ІБНГ 2, ІБНГ 4 і ІБНГ 12 можуть бути 

пов’язані зі збільшенням вмісту дисульфідних зв’язків і зниженням вмісту 

вільних сульфгідрильних груп. Проте гідрофобність поверхні та розміри 

частинок зразків ІБНГ не корелювали жодним чином з їх емульгувальною 

здатністю. 

У четвертому розділі було проведено однофакторний тест та 

ортогональний тест для визначення оптимальної рецептури печива зі 

шротом насіння гарбуза та ізолятом із шроту насіння гарбузаям, у якому 

співвідношення пшеничного борошна з низьким вмістом глютену, шроту 

насіння гарбуза, ізоляту із шроту насіння гарбузаям та порошку конжаку 

становило 2:1:1, кількість рослинної олії та вершкового масла становила 4,0 % 

та 12,0 % відповідно, а кількість мальтиту становила 20,0 %. Аналіз харчової 

цінності показує, що печиво зі шротом насіння гарбуза та ізолятом із шроту 

насіння гарбузаям містить 59,2 % вуглеводів, у тому числі 19,1 % харчових 

волокон, 20,4 % білка, 18,0 % жиру та 1,8 % золи. 
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За допомогою ортогональних тестів і однофакторних досліджень було 

створено нову рецептуру м’ясного продукту. Ідеальними виробничими 

параметрами були 1,5 г/100 г білкового ізоляту із шроту насіння гарбуза, 80 

г/100 г нежирного м’яса. Сенсорна оцінка розробленого м’ясного продукту 

становила 8,5 балів, що підтверджено відповідними актами дегустації. 

Кількість вологи, золи, протеїну та жиру становила 51,16 г/100 г, 2,26 г/100 

г, 15,22 г/100 г та 23,15 г/100 г відповідно. Це дослідження може дати 

важливу інформацію щодо подальшого використання ізоляту білка із шроту 

насіння гарбуза у технології фаршевих виробів, таких як ковбаси та м’ясні 

хліби. 

Дегустація бісквітів та м’ясних продуктів з додаванням ізоляту білка 

шроту насіння гарбуза проводились в Університеті Хечжоу в Китаї. 

Результати дегустації зафіксовані відповідними протоколами дегустації. 

У п’ятому розділі наведено результати практичного застосування 

технології ізоляту білка із шроту насіння гарбуза та досліджено соціально-

економічний ефект від впровадження даної технології у виробництво, 

розраховано собівартість продукції та узагальнено дані популяризації 

результатів досліджень. Доведено економічну доцільність впровадження 

розроблених технологій у практичну діяльність харчових підприємств. 

Ключові слова: білковий ізолят, рослинний білок, насіннєве борошно, 

овочі, гарбузове насіння, рН-коригуюча обробка, фаршеві вироби, ковбаси, 

м'ясний хліб, кондитерські вироби, дієтичне харчування, функціональні та 

технологічні властивості, якісні характеристики, технологічні показники. 
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INTRODUCTION 
Authenticity of the subject. Oil crops are planted on a large scale in the 

world, and a large amount of meal will be produced after oil removal. China and 

Ukraine rank first and third in the cultivation of pumpkin seeds in the world and 

produce large amounts of pumpkin seed meal. The available resources in the 

extracted meal include residual fat, protein, dietary fiber, phospholipid, gossypol 

and phytic acid. The protein content of pumpkin seed meal can reach more than 

40%, containing 17 kinds of amino acids, including special pumpkin seed amino 

acids.  

From the perspective of amino acid composition, it contains 8 kinds of 

amino acids essential for human body and histidine essential for children, the 

content of which exceeds the standards set by FAO (Food and Agriculture 

Organization of the United Nations) and WHO (World Health Organization), and 

the proportion of essential amino acids is similar to the amino acid composition 

pattern required by human body. It is a kind of high-quality plant protein resources.  
At present, pumpkin seed meal is mainly used as feed and soil compost. At 

the same time, the enterprise did not carry out more in-depth processing of 

pumpkin seed meal, but simply and brutally direct use, which cause the waste of 

this resources, reduce the economic and social benefits.  

Therefore, the development of pumpkin seed meal biscuits technology and 

pumpkin seed protein isolate sausage technology is an actual task, and solving 

this problem will ensure the creation of high quality and nutritional value products, 

and improve the use of the precious resource of pumpkin seed meal in China and 

Ukraine. 

Relevance of the topic. In recent years, oilseed meal proteins have 

emerged and become popular. Protein is one of the essential nutrients in human 

cell life, and severe protein malnutrition is the leading cause of child mortality in 

many African and Asian countries. Intact proteins containing all nine amino acids 

essential for human health are usually found in animal foods, such as meat and 

dairy products. However, people are more aware of the benefits of alternative 
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proteins such as oilseed meal proteins based on the meat gap of population growth, 

the environmental hazards of animal husbandry and the risk of related chronic 

diseases caused by meat products. In developed regions such as the United States 

and Europe, the substitution effect of oilseed meal proteins on animal protein is 

gradually strengthened. According to the forecast of the United Nations, the world 

population will reach about 9.8 billion in 2050, and the urbanization rate will 

increase from 55% in 2018 to 68%. Urbanization and population growth will lead 

to an increase in the total demand for meat, and meat replacement proteins such 

as oilseed meal proteins will be more necessary and emergency.  

The by-products of pumpkin seeds after oil extraction are valuable raw 

materials. They are rich in protein and dietary fiber, etc., which have a very 

important impact on the nutrition, biological value and physical and chemical 

properties of food products. 

Connection of work with scientific programs, plans, topics. The 

dissertation was completed within the research work theme plan of Sumy National 

Agricultural University of Ukraine, on the subject of research of the Department 

of Technology and Food Safety 0122U201388 "Development of technical 

documentation for dual purpose protein raw materials" and 0119U101237 

"Innovative technological solutions in the production of food products". 

The purpose and objectives of the work 
The purpose of the dissertation is the development of technology of biscuits 

with pumpkin seed meal and sausage with pumpkin seed protein isolate to 

improve the quality, nutritional and biological value of products. 

In order to achieve the goal, the following tasks should be solved: 

- compare the functional properties of pumpkin seed protein isolate with 

that of other three oilseed proteins;  

- determine the extraction condition of pumpkin seed protein isolate by 

ultrasonic assisted alkaline solution and acid precipitation;  

- improve the functional properties of pumpkin seed protein isolate by pH-

shift treatment; 
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- determine technology of production of biscuits added with pumpkin seed 

meal and sausage added with pumpkin seed protein isolate; 

- determine the social and economic benefits of scientific and technological 

development, and implement the work results into practical production. 
The object of research is technology products of biscuits with the addition 

of pumpkin seed meal and sausage with the addition of pumpkin seed protein 

isolate. 

The subjects of research are pumpkin seed meal, pumpkin seed protein 

isolate, biscuits with the addition of pumpkin seed meal and sausage with the 

addition of pumpkin seed protein isolate. 

Research method. Physico-chemical methods for studying functional and 

structural properties of protein isolates, response surface analysis for extracting 

pumpkin seed protein isolate, orthogonal experimental method for determining 

biscuits and sausages recipes, microbiology and nutritional analysis of biscuits 

and sausage, mathematical methods for experimental planning and experimental 

data processing.  
The practical significance of the results obtained. For a long time, most 

of the by-products of pumpkin seed meal from pumpkin seed oil extraction are 

used as feed or waste. In this study, this by-product is used to develop new food, 

which not only avoids the waste of pumpkin seed meal but also improves its 

economic value. The products are developed to compensate for the health 

problems caused by people's intake of protein and dietary fiber and meet the health 

needs. In addition, the extraction rate of protein from pumpkin seed meal and the 

functional properties of pumpkin seed protein isolate were improved by ultrasonic 

assisted alkali-soluble acid precipitation method and pH-shifting treatment, 

respectively, which was more conducive to the application of pumpkin seed 

protein isolate in food industry. Technical documentation has been developed and 

approved (TS 10.8-04718013-006:2022 "Pumpkin protein"; TS 10.3-04718013-

008:2022 "Concentrated and dried taro products"; Q/YTBG-0001S-2022 

"Pumpkin Seed Meal Cookies"; Q/YTBG-0002S-2022 "Pumpkin Seed Protein 
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Isolate Sausage"; Q/YTBG-0003S-2022 "Pumpkin Seed Protein Isolate 

Cookies"), which regulates the technical requirements and technological process 

for the production of semi-finished products from pumpkin seed meal and food 

products using it. A Ukrainian patent for an invention (u202201407 "Meat pate 

with the addition of pumpkin seed protein isolate" and a utility model 

(u202204667 "Method for obtaining protein isolate from pumpkin seed meal") 

has been submitted. The semi-finished product made from pumpkin seed meal 

(pumpkin seed meal protein isolate) was introduced at the specialized enterprises: 

Individual entrepreneur "Filon A.M.", Individual entrepreneur "Klymenko L.O.", 

Shenzhen Wah Tai Xing Foods Co., Ltd. 

The applicant's personal contribution. The applicant’s personal 

contribution is to plan and carry out experimental research under laboratory 

conditions, conduct mathematical processing and scientific analysis, form 

conclusions and suggestions, prepare materials for publication, as well as 

introduce new technologies into production. 
The dissertation work was carried out with the methodological and 

scientific support of Ph.D., Associate Professor Anna Helikh. 
Approbation of dissertation results. The dissertation research results are 

introduced at the fourth international conference on processing and preserving of 

fresh food (August 15-17, 2020, Hezhou); the IV international scientific and 

practical conference “Modern directions of scientific research development” 

(September 28-30, 2021, Chicago); the II international scientific and practical 

internet conference (December 1-2, 2021, Dnipro-Opole); international scientific 

and practical conference "Healthy nutrition of children in Ukraine - the key to the 

future of the nation: state and prospects" (September 29, 2022, Київ НУХТ); the 

Conference of global and national trends in life sciences (May 12, 2022, Nizhyn); 

proceedings of the XVIII International Scientific and Practical Conference, 

Collection of abstracts of reports (May 09-12, 2023, Bilbao, Spain). 

Publications. According to the dissertation work, the applicant published 

13 scientific publications, 5 of them in periodical scientific publications indexed 
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in Web of Science or Scopus, 2 of them were published in Ukrainian professional 

journals, in and 6 abstracts of reports at scientific and practical international 

conferences. 

Structure and scope of the dissertation. The thesis consists of an 

introduction, five sections and conclusions, 131 references, which are all from far 

abroad and 19 additions. The full text of the paper is 148 pages, with 29 tables 

and 46 figures.  
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SECTION 1 LITERATURE REVIEW ON THE TOPIC AND 
CHOICE OF RESEARCH DIRECTIONS  

1.1 The existing waste problem of oilseed meals 
Oilseed crops are large-scale cultivated throughout the world, and are 

closely associated with human nutrition. From 2019 to 2020, the production of 

major oilseed crops was about 580 million metric tons, with the highest recorded 

for soybean followed by rapeseed, sunflower seed, and cotton seeds [1]. America 

and Europe together account for more than 60 % of the world production of major 

oilseed crops [2]. This high production of oilseeds resulted in the production of a 

large number of oilseed meals. There are two traditional ways to extract oil from 

oilseeds, which are either by screw press or by solvents. The term “cake” means 

that the co-product is obtained from screw press, whereas the term “meal” means 

that the co-product is obtained from organic solvents. Nevertheless, there is 

certain ambiguity in the use of these two words and in most cases, these two words 

are interchangeable. A large volume of oilseed meals obtained from the harvesting 

and processing of oilseed crops can affect human health by providing nutrients 

such as protein and dietary fiber. 

The global production of oilseed meals, on average, increased 2.3 % 

annually over the past decade to 2010 [3]. The annual output of oilseed meals in 

India, which is the world’s biggest oilseed producers, are over 25 million ton [4]. 

In terms of the oilseed meal quantities produced, soybean seed meal is the world’s 

largest by-product of oilseed meals, followed by canola seed [3].  

Oilseed meals are high in protein, energy, carbohydrates and minerals [5]. 

There is evidence that oilseed meals were used as a dietary source for human 

consumption. For example, proteins, dietary fiber, antioxidants, and other 

bioactive compounds extracted from oilseed meals have beneficial characteristics 

for health that can be used in foods, cosmetics, textile and pharmaceutical 

industries [6; 7]. Hence, using these oilseed meals is a sustainable way to 

contribute to the development of low-cost, novel, nutrient-rich products while 

reducing food waste disposal [8]. Oilseed meals, including soybean meal, peanut 
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meal, hemp seed meal, sesame seed meal, chia seed meal and kenaf seed meal, 

are low in cost but are highly nutritious. The compositions of these meals are 

presented in Table 1.1. 

Table 1.1 

Composition of edible oilseed meals 

Edible oilseed 

meals 

Compositions (%) 

Protein Moisture Fat Ash 
Carbohydr

ate 

Soybean [9] 
33.04–

56.27 
11.02 3.17 5.07 32.95 

Kenaf seed 

[10] 
26.19 9.34 0.73 6.65 57.09 

Sesame seed 

[8] 

45.31–

45.88 
7.12–7.57 

13.31–

14.52 
3.41–3.62 

18.70–

20.08 

Hemp seed 

[11] 

32.21–

40.70 
6.00–7.00 

2.10–

10.20 
5.24–7.08 2.80 

Peanut [12] 
44.51–

55.88 
8.12 1.50–7.76 

4.85–

14.49 

12.70–

25.14 

Chia seed [13] 33.26 8.95 10.90 8.28 38.61 

 

Except soybean, peanut, sunflower seed and other traditional oilseeds, the 

production of pumpkin seed is also very huge. The defatted pumpkin seed meal is 

also thought to be a valuable source of proteins for human consumption [14]. As 

showed in Fig. 1.1, the pumpkin production of China and Ukraine ranks the first 

and third place in the world, respectively, which bring about huge number of 

pumpkin seeds as by-products.  
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Fig. 1.1 Top three pumpkin producing countries in the world in 2018 and 2019 

 
The pumpkin seed meal is a very valuable raw material with high 

nutritional value such as protein, dietary fiber, vitamins and minerals. The 

pumpkin seed meal contain high protein content, which can reach up to 66.54% 

[15]. Albumin, globulin, glutenin, and proline make up pumpkin seed protein. 

According to FAO/WHO (2007), the essential amino acids composition of 

pumpkin seed protein (apart from His) can provide the minimum requirement for 

adults. Additionally, the protein from pumpkin seed meal contains a variety of 

useful peptides, including ACE inhibitory, antioxidant, and antibacterial peptides. 

According to some research, bioactive peptides found in pumpkin seed meal can 

be used as a nutritional supplement in functional foods such as solid capsules and 

peptide oral solutions [16]. Additionally, Periin et al. discovered that pumpkin 

seed meal had a phenolic acid concentration of 42.57 mg/kg, which was 

substantially higher than that of pumpkin seeds (12.22 mg/kg). Phenolic acids 

have a significant role in preventing food spoilage and advancing human health 

because they have antioxidant, antimicrobial, and anti-malignant cell proliferation 
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activities [17]. Thus, our study will focus on the protein in pumpkin seed meal to 

improve its additional value.  

Table 1.2 

Comparison of Essential Nutrients (Dry Basis) of Pumpkin Seeds [18] 

Items 

Nude 

Pumpkin 

Seeds 

Chinese 

pumpkin 

seeds 

Indian 

Pumpkin 

Seeds 

American 

Pumpkin 

Seeds 

1000-grain weight 

(g) 
122.9±2.05 115~123 149~338 90~212 

Moisture (%) 5.64±0.03 5.81 5.85 4.71 

Ash (%) 3.84±0.12 - - - 

Crude fat (%) 39.22±0.86 40.52~41.27 37.94~59.36 35.00~52.54 

Unsaturated fatty 

acid (%) 
82.53±0.57 71.64~79.29 28.35~80.84 58.89 

Crude protein (%) 35.64±0.88 42.08 38.31 40.46 

Crude fiber (%) 16.30±1.26 6.58 7.83 8.32 

Soluble reducing 

sugar (mg/100 g) 
35.6±1.03 56~58 49.17~76.53 49~75 

Starch (mg/100 g) 10.7±0.61 17~20 14~20 14.5~20 

 

Predominantly, oilseed meals are valuable protein sources that are suitable 

alternatives for replacing animal or other plant sources of protein since they are 

easily digestible, non-toxic and nutritionally sufficient [3; 19; 20]. Cold press 

meals of sunflower, flaxseed, pumpkin or hemp contain 19.9~44.9, 14.4~41.9, 

29.4~53.9, and 23.5~33.6% crude proteins, respectively [3; 7; 20]. However, the 

oilseed meals are mainly used to feed cattle or used as soil compost. The powerful 

role of oilseed meals in human nutrition lacks further exploration. They are 

underutilized due to a lack of awareness and subsequent research. Besides, based 

on the current demand for animal protein, environmental protection and other 

complex reasons, it is necessary to improve the utilization rate of protein in 
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oilseed meals [21].  

First, the animals like poultry, pigs, and cattle are major sources of protein. 

By 2050, the demand for proteins originating from animals is anticipated to 

double globally [22]. The production of animal proteins, however, produces a 

heavy burden on the environment [23; 24]. According to a report, animal 

husbandry generates carbon emissions that account for 15% of all worldwide 

carbon emissions, which is higher than all global cars combined [25]. Fresh cow 

milk produces roughly seven times more carbon emissions per liter than soybean 

milk. At the same time, a lot of water is needed for milk production. According 

to studies, generating 100 ml of milk requires 100 liters of water, whereas 

producing plant milk like walnut milk only needs 5 liters. 

On the world average, it takes an average of 15,340 liters of water for 

producing per kilogram of beef, and 4,856 liters of water for pork, while only 

1,789 liters of water for soybeans and only 1,334 liters for wheat [26]. 

Additionally, while animal products are a good source of protein, they also 

include a lot of fat and cholesterol, which can lead to other serious disorders 

including hypertension and hyperlipidemia. Compared to animal protein, plant 

proteins like oilseed derived proteins have lower cholesterol and saturated fat [27]. 

In addition, oilseed protein can help to build muscle tissue and experiments have 

shown that most plant proteins are as effective as whey protein in muscle building 

[28]. It has demonstrated that oilseed proteins such as peas and beans can increase 

satiety and limit calorie intake [29], consequently lowering abdominal fat and 

maintaining weight management [30]. The breakdown of animal protein into 

individual amino acid units, which can subsequently be reassembled into new 

proteins for utilization, requires more energy from the body [31].  

Furthermore, due to growing worries about the environment, animal 

welfare, and health, vegetarianism has become much more fashionable over the 

past few years. Business Wire forecast that by 2024, the vegetarian market would 

double in size from what it is currently and that by 2054, plant proteins will 

account for over one-third of the global protein industry [32]. With 38% of people 
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being vegetarian, India has the greatest vegetarian population in the world, 

according to a Worldatalas survey [33]. The second is Taiwan, where 12% of its 

population is vegetarian. About 10% of the population of Europe, Israel, Austria, 

Germany, Britain, and Italy are vegetarian. Nonetheless, according to 

Faunalytics.org, there are 1.6 million people who are strictly vegetarian in the US. 

It is believed to be a good strategy to meet the need for food proteins to use oilseed 

protein sources as substitutes for animal proteins. 

1.2 Types of protein isolates and functional properties of proteins 
The proteins extracted from oilseed meals are normally classified into three 

kinds, namely protein concentrate, isolate, and hydrolysate. Different methods 

can produce different protein extracts, which can be classified into flour (< 65%), 

protein concentrates (65-90 %), and protein isolates (90 %) according to their 

different protein contents [6]. However, compared with the nutritional properties 

of proteins, the functional properties of proteins more strongly determine their 

successful application in the food industry. The functional properties of proteins 

are closely related to the physical, chemical, conformational properties of proteins 

during processing, storage, cooking and consumption. Different composition, 

preparation methods, thermal history, and environment (pH, ionic strength, and 

temperature, etc.) can all lead to different protein functional properties. 

1.2.1 Solubility 
Solubility refers to the number of proteins entering the solution or colloid 

under a specific condition and is not sedimented by moderate centrifugal forces. 

Different proteins have different solubility [34]. Plan proteins often have better 

solubility while the proteins involved in the structure of the organism have almost 

no solubility. The solubility has a great relationship with the application of protein 

in industry, and the solubility of protein is the basis of whether it can be widely 

used in industry. The solubility of protein affects other functional characteristics 

of protein, such as emulsifying property, foaming property, gel property and so 

on. It also determines whether the protein is competitive in the market. Proteins 

with low solubility are usually only used as animal feed or food fortifier.  
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1.2.2 Water- and fat-holding capacity 

In food products, water-holding capacity of proteins are very important, 

and it refers to the ability of proteins to absorb, maintain binding, hydrodynamic, 

capillary and physically capture water under gravity [34]. There are many factors 

affecting the ability of proteins to bind water, such as amino acid composition, 

protein conformation, surface hydrophobicity, ion concentration, and pH. For 

example, proteins containing large amounts of charged amino acids tend to have 

good water-holding capacity.  

The fat-holding capacity of protein is an important feature of enhanced 

flavor retention and improved the taste of meat substitutes, extenders and other 

applications. Since fat separation is a common problem in processed meat 

products, protein isolates can be added to minced meat to promote fat binding and 

reduce cooking losses. 

1.2.3 Emulsifying properties 
Emulsions are intended to be a liquid-dispersed systems with evenly 

distributed tiny droplets. Oil/water emulsions can be made with proteins, whereas 

water/oil emulsions cannot. The effective molar mass of protein is an important 

factor in the formation of emulsion. The higher the effective molar mass, the 

greater the mass of the protein obtained the small droplets. The instability of 

emulsion system can be manifested in many ways, such as flocculation, 

coalescence, stratification (or sedimentation), demulsification, etc. Since proteins 

have the capacity to facilitate emulsion formation, improve emulsion stabilization, 

and produce the desired physicochemical properties in oil-in-water emulsions, 

they can be utilized as emulsifiers and used in food products like comminuted 

meats, beverages, salad dressings, and sausages. 

1.2.4 Foaming properties 
The ability of proteins to form stable foams is very important in food 

production. The constitutes of food foams are very complex, including gases, 

liquids, solids and surfactants. The size of the bubbles in foam has a big effect on 

the appearance and texture of the food. In general, foods with small, even bubbles 
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are smoother and lighter. Protein helps to evenly distribute small amounts of air 

in food. The formation of air bubbles in foams also helps flavor volatilization, 

increase the palatability of food.  

1.2.5 Gel-forming ability  
One of the most significant features of proteins is their capacity to form 

gels. Protein gels are widely used in the food industry. Forming a gel requires 

several steps, such as denaturation, polymerization and formation of network 

structures. There are many ways to form gels, such as heating, high hydrostatic 

pressure, salt or acid treatment, enzyme-induced gelation and so on. Among them, 

thermos-induced gel is one of the most commonly studied phenomena in food 

science, and also one of the main reasons for the formation of many food 

structures. 

1.3 Known methods for obtaining protein isolates 
There are various methods to extract proteins from oilseed meals. Alkaline 

solution and acid precipitation is the most frequently employed method to extract 

proteins from many oilseed meals [35].  

 
Fig. 1.2 Eco-innovative technologies for protein extraction 

 
1.3.1 Alkaline extraction and isoelectric precipitation method 
Alkaline extraction and isoelectric precipitation technique comprises 

alkaline solubilization of the proteins, removal of the insoluble material by 

centrifugation, protein precipitation at isoelectric point and collection of 

precipitated protein by centrifugation. However, the long extraction procedure 

will cause denaturation of the protein. For the instability of secondary, tertiary, or 

quaternary structures, as well as potential toxicity and unfavorable secondary 
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reactions, proteins may aggregate, solidify, become less soluble, and lose their 

ability to perform certain functions like emulsification and gelation [36]. Besides, 

this traditional method causes high consumption of acids, alkalis and water in the 

industrial production process. However, the advantage of alkaline solution and 

acid precipitation is that the protein extraction yield and purity are high and the 

operation process is very simple. The low cost makes it widespread use in industry.  

1.3.2 Enzymatic extraction 
Another extensively used method to isolate protein is enzyme extraction. 

The degradation of the main components of plant cell walls and fiber, including 

cellulose, hemicellulose, and/or pectin due to enzymatic action, as well as the 

improvement in protein solubility as a result of partial hydrolysis by various 

proteases, are two reasons why enzyme-assisted protein extraction could harm the 

cell walls' integrity. The release of proteins into the solvent may be enhanced by 

the accelerated breakdown of cell walls. Compared to acid and alkaline aided 

extraction, it is thought to be a more mild extraction technique with a reduced 

environmental impact [37]. The products that are obtained, however, are better 

and more acceptable for human consumption [38; 39]. This approach has a 

number of drawbacks, including a long processing time, high operational 

expenses, high energy consumption, irreversible disruption of the carbohydrate-

protein matrix, the need for precise process parameter adjustment (pH and 

temperature), and a high labor cost [40]. 

1.3.3 Ultrasound technology 
The use of microwave- and ultrasound-assisted extraction has recently 

attracted a lot of interest as ecologically friendly techniques. Electromagnetic 

waves with a frequency in the range of 300 MHz to 300 GHz are used in 

microwave technology. The energy of this radiation causes hydrogen bonds to 

break down, enables the migration of dissolved ions, increases the biological 

matrix's porosity, promotes more even heating, and exerts strong pressure on the 

plant cell walls, resulting in increased solvent penetration into the matrix and 

making it easier to extract the desired compound [41]. 

The main benefits of microwave technology include ease of handling, 
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reduced solvent use, reduced waste generation, and rapid extraction  [41]. Recent 

research has shown that while some functional properties of proteins, such as their 

ability to bind to water and nitrogen and their ability to maintain foam stability, 

may decline, other functional properties, such as their ability to absorb fat, water, 

and other substances, as well as their ability to foam, emulsify, and digest proteins 

in vitro, may actually improve after microwave treatment [39]. 

Acoustic cavitation is used in ultrasound technology to damage plant cells 

and tissues and enhance mass transfer during the extraction process. Because it is 

carried out at atmospheric pressure and ambient temperature, utilizes a suitable 

amount of solvent, is reusable, and takes only a brief period of time to process, 

the use of ultrasound to help extraction offers the advantages of easy handling and 

safety [42; 43]. Ultrasound-assisted extractions from rice bran, soy beans, perilla 

seed, and pumpkin seed were reported to dramatically improve protein output. 

High power and prolonged sonication, however, may limit the ability to emulsify 

and foam [44]. Notably, a prior study found that altering the secondary structure 

of proteins using ultrasonic or microwave treatment could reduce the allergenicity 

of soybean protein isolate [45; 46]. 

1.3.4 Reverse micelles extraction 
Reverse micelles extraction uses aggregates of surfactant molecules with 

inner water molecule cores that are nanometer-sized and suspended in nonpolar 

solvents. Reverse micelles include polar water pools that have the ability to 

solubilize hydrophilic biomolecules like proteins [47]. Reverse micelles create a 

three-phase system with water, a surfactant, and an organic solvent to prevent 

organic solvents from denaturing the biomolecules in the polar water pools. The 

notion that the surfactant and organic solvents might be reused multiple times via 

recovery, reflecting cheap costs, is supported by a number of papers on this 

extraction method [48; 49]. Second, because the polar core's environment is 

similar to that seen in physiological contexts, it is possible to solubilize proteins 

in reverse micelles without compromising their natural conformation and activity 

[50]. Reverse micelle extraction is still done on a lab scale, despite claims that it 

is convenient and simple to scale up. 
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Although there are many other additional approaches, including ethanol-

water extraction and the approach that combines alkaline extraction with 

membrane separation, among others. But the ethanol-water extraction procedure 

uses a lot of organic solvent [51].The ultrafiltration and diafiltration membrane 

equipment is pricy and difficult to maintain. As of right now, industrial large-scale 

manufacturing still finds the alkaline solution and acid precipitation to be 

successful in achieving high yielding and purified protein like protein isolates [43]. 

In the current work, protein isolate was extracted from pumpkin seed meal using 

a combination of ultrasonic treatment and method of alkaline solution and acid 

precipitation to increase the extraction yield and protein purity of the isolated 

proteins. 

1.4 pH-shifting treatment for improving the functional properties of 
protein isolates 

After extraction protein isolate or protein concentrate from oilseed meals, 

some proteins can be directly applied in food products as additives. However, 

oilseed proteins must possess some certain functional qualities in order to be used 

in food processing. Protein performance in complex systems is influenced by 

functional features, such as solubility, water- and oil-absorbing capacity, foaming 

and gelling capacity, which are intrinsic physicochemical characteristics [52].  

 
Fig. 1.3 The modification methods of oilseed meal proteins 

 
There are many methods to improve the functional properties of proteins. 



40  

Generally, the protein modification methods can be classified into conventional 

heating, enzymatic modification, chemical modification and other novel methods 

like pH-shifting treatment. Among them, pH-shifting treatment attracts more and 

more interest as it is simple and convenient recently. It can unfold protein 

structure under an extreme acid or alkali condition and then refolded in a neutral 

condition. During the unfolding process, the globular protein undergoes a 

conformational change, generally described as a "molten globule" structure [53; 

54]. Multiple functional qualities may be required simultaneously in a given 

product in many situations [55]. For instance, meat products require strong gel 

qualities as well as good solubility in oilseed proteins. The ability of oilseed 

proteins to absorb water is necessary for dough-making. When introduced in 

biscuits, it's important for oilseed meal proteins to have appropriate foaming and 

color control.  

There are many researches about improving the solubility of oilseed meal 

protein isolates by pH-shifting treatment. The study found that raising the pH of 

solution to 10.0 marginally increased the solubility of soybean protein isolate [56]. 

Additionally, it has been shown that pH-shifting treatment enhanced the solubility 

of pea protein isolate from 8.17 to 54.94 % [57]. After a combined pH 12 shift 

and heating treatment at 80 °C for 60 min, the solubility of hemp seed protein 

isolate improved from 20.6 to 97.5 % [53]. According to a study, pH-shifting 

treatment can increase peanut protein's solubility from 79.39 % to 89.87 % [58]. 

These studies collectively demonstrated that pH-shifting treatment is a good 

strategy to improve the solubility of oilseed proteins.  

The pH-shifting treatment is also used to enhance the gel-forming abilities 

of proteins. In a prior work, the binding of pH-shifting and heating treatments 

could considerably increase the penetrating force of soybean protein isolate gel 

[59]. The pH-shifting method is of great significance to improve the gel properties 

of peanut protein isolate. It was found that the breaking force and water-holding 

capacity of the peanut protein gel improved significantly due to the reduced 

particle size, enhanced solubility, free sulfhydryl group concentration, and surface 
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hydrophobicity after pH shifting treatment [58]. The pH-shifting treatment could 

also increase the ability of fish proteins to form gels [60].  

There are some studies showed that pH-shifting treatment can enhance the 

emulsifying capacity of oilseed proteins. It has been shown that after pH-shifting 

treatment, the emulsifying activity and emulsion stability of soybean protein 

isolate were significantly increased [56]. Hemp seed protein displayed 

considerably improved emulsifying activity following a modest pH-shifting 

treatment combined with heating treatment [53]. Additionally, after an acid or 

acid-heat process, the emulsifying capacity of egg white protein was increased 

[61]. 

Except solubility, gel forming ability and emulsifying capacity, pH-shifting 

treatment also plays an important role on other functional properties of protein. 

Jiang et al. discovered that pea protein treated by pH-shifting treatment under 

alkaline conditions had higher oxidative stability in oil-in-water emulsion than 

native pea protein due to the structural change [62]. Chen et al. demonstrated that 

the interaction between pH-shifting treated whey protein isolate and 

epigallocatechin-3-gallate was strengthened due to the structural alterations.  

The relevant task is to enhance pumpkin seed protein isolate's solubility, 

gel property, and emulsifying property by the process of pH-shifting treatment for 

its better application in food products. 

1.5 The applications of oilseed protein isolates in food products 

 
Fig. 1.4 The applications of oilseed protein isolates in food products 

 
Oilseed protein isolates can be applied in different kinds of food products. 
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For example, the oilseed proteins are incorporated in meat products in order to 

increase nutritional value, consumer acceptability and benefits to human health. 

The most commonly applied in meat products is soybean protein isolate. As non-

meat ingredients, the addition of soybean protein isolate is one of the possible 

solutions to the recent consumer requirements for low fat and low cholesterol 

meat products. It has been studied that addition of 2 % soybean protein isolate 

improved the moisture content and cooking yield of the light pork sausage [63]. 

Besides, the soybean protein isolate addition can slightly improve the texture, 

juiciness, and color of emulsion sausage [64]. Li et al. demonstrated that addition 

of soybean protein isolate didn’t change the pH and color, but improve the 

emulsification properties of pork meat batters [65]. Gao et al. found that the 

addition of soybean protein isolate to meat would affect the moisture distribution 

and thermal gel of the prepared minced meat, resulting in a lower rate of moisture 

loss and making the product moist, juicy and rich in taste [66].  

In order to improve the protein content, biscuits are another food product 

incorporated with protein isolate by some companies and some researches. Protein 

enrichment of biscuits meet the demand for higher nutritional content, since these 

biscuits tend to contain low protein contents (7-10 %). Besides, biscuits are 

enriched by oilseed proteins to increase their nutritional properties, improve 

protein consumption, or supply a gap of detected limiting amino acids like lysine, 

methionine, or tryptophan. In terms of sensorial characteristics, in most 

circumstances, the commonly low acceptability of biscuits containing higher 

protein contents was ascribed to the taste and darkening. For example, addition 

with soybean protein isolate or whey protein concentrate would increase the 

darkness of the biscuits [67]. Another research found that taking biscuits fortified 

with whey protein isolate, with or without wheat bran as a part of diet can help to 

decrease appetite, caloric intake, and body weight in overweight or obese persons 

[68]. Protein isolates can also be used in the production of dairy products, such as 

formula milk powder and liquid milk. They can improve the protein content, 

nutrition and flavor of milk, and provide complimentary benefits in terms of 

amino acid content, ratio, and flavor. For example, soybean protein isolate has 
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functional properties, such as dispersibility (reconstituting), solubility, stability 

and emulsification. And it does not contain lactose, which can avoid the 

discomfort of lactose. Besides, it can also be added into the ice creams. It has been 

reported that 50 % soybean protein isolate is suitable to substitute skimmed milk 

powder in ice cream [69]. Results showed that adding pea protein isolate as a 

substitute for milk powder improved the physical and textural properties of ice 

cream, but the addition of pea protein has to be limited it to a certain amount [70].     

However, until now, there is few reports about the use of pumpkin seed 

meal and pumpkinseed protein isolate in food products. 

Conclusions to Section 1 
According to the literature review, following conclusions were raised: 

1. Pumpkin seed meal is a very valuable raw material with high nutritional 

value such as protein, dietary fiber, vitamins, minerals, etc., but it is usually 

wasted and fed to livestock. Pumpkin seed meal can be used in food products to 

improve the protein content and dietary fiber of food products. Its deep processing 

utilization in food industry should be investigated. 

2. Pumpkin seed protein isolate extracted from pumpkin seed meal can be 

used as a functional food ingredient to improve the nutritional value and 

functional characteristics of food, such as solubility, water- and fat-holding 

capacity, emulsifying properties, foaming properties and gel-forming ability. 

3. We summaries the methods to extract protein isolates including alkali 

dissolution and acid precipitation, ultrasonic, reverse micelle extraction, 

microwave method, etc. The ultrasound-assisted alkali treatment was selected to 

extract pumpkin seed protein isolate for its characteristics of simple, highly 

efficient and environmentally friendly.  

4. pH-shifting treatment is a convenient method to improve the solubility, 

emulsifying ability, and gel characteristics of oilseed protein isolates.  

5. Oilseed protein isolates such as soybean protein isolate are used in a 

variety of food items. However, there is currently no method available to produce 

sausages with the addition of pumpkin seed protein isolate.  
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SECTION 2 OBJECTS, MATERIALS AND METHODS OF 
RESEARCH 

2.1 Object, subjects and materials of research 
The object of research in the dissertation was the technology of biscuits 

with the addition of pumpkin seed meal and the technology of sausage with the 

addition of pumpkin seed protein isolate. 

The subjects of research were: extraction of pumpkin seed protein isolate, 

functional properties of pumpkin seed protein isolate, indicators such as sensory 

evaluation, nutritional and microbial indicators of biscuits and sausage. 

Materials 
Pumpkin seeds were bought from Zaozhuang Huadu E-commerce Co., Ltd 

(Zaozhuang, China). Low-gluten wheat flour, eggs, whole-fat milk powder, 

cooking oil, maltitol, sodium bicarbonate, ammonium bicarbonate, konjac powder, 

pork, casing, spices, edible salt, sugar, red koji powder, light soy sauce, and 

cooking wine were bought in local supermarket of Tai Xing in Hezhou city 

(China).  

Equipment 
1. Spectrophotometer (722 Visible spectrophotometer, Youke Instrument 

Co., LTD, China); 2. Ultrasonic microwave synergistic extraction apparatus (XH-

300B, Beijing xianghu, Beijing, China); 3. Mettler Toledo 1140 pH meter; 4. TA. 

XT plus Texture Analyzer with a P 0.5 probe; 5. the Zetasizer Nano-ZS90 

(Malvern Instrument Ltd., UK); 6. NMR analyzer (NMI120, Niuman Electric 

Corp., China); 7. Differential scanning calorimeter (DSC 25 XX, TA Instruments, 

New Castle, DE, USA); 8. Fluorescence spectrophotometer (F-7000, Hitachi 

Corp., Japan); 9. JSM-5610LV SEM (JEOL, Tokyo, Japan). 10. BT-2001 Laser 

analyzer (Dandong Bettersize Instruments Ltd., Dandong, China); 11. MA150C-

000230V1 moisture tester. 

Chemicals and solvents 
1-anilinonaphthalene-8-sulfonic acid (ANS), 5,5-dithiobis (2-nitrobenzoic 

acid) (DTNB), and β-mercaptoethanol were all acquired from Aladdin Chemical 



45  

Reagent Co. in Shanghai, China, and kept at 4 °C. The Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China) provided all additional chemical 

reagents, which were of analytical grade. All experiments utilized deionized water. 

The general methodology of conducting theoretical and experimental of 

research on the topic of the dissertation, the program of their implementation and 

practical application of research results is shown in Fig. 2.1. 

Fig. 2.1 Research Scheme 

 

2.2 Research methods 
2.2.1 The extraction methods of four kinds of oilseed protein isolates 
In this investigation, defatted peanut meal, defatted sunflower seed meal, 

defatted soybean meal, and defatted pumpkin seed meal were suspended in alkali 

solution at pH values of 10.5, 9.0, 9.0, and 9.5, respectively. The supernatant was 

separated by centrifugation (4000 × g, 15 min) after extraction for one hour. The 
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extracts were separated into two layers after being filtered through filtered paper 

and acidified to a pH of 4.5. After recovering the protein precipitates using 

centrifugation at 4000 × g for 15 min, they were freeze-dried. The obtained 

samples were used to analyze the functional properties of four kinds of oilseed 

protein isolates.  

2.2.2 Water-absorbing ability and oil-absorbing ability of PSPI powder 
The method provided by Beuchat et al. was slightly modified to determine 

the oil- and water-absorbing capacities [71]. A 50 mL pre-weighed centrifuge tube 

was filled with the sample (2 g) and 18 mL of distilled water (or soybean oil). The 

mixtures were vortexed for 1 minute, stayed undisturbed at room temperature for 

30 minutes, and then centrifuged (4000 × g, 20 minutes). Extra free-flowing water 

(or oil), which was present after discarding the supernatant, was taken out. The 

amount of water or oil contained in per gram of the sample was then calculated 

from the tube's weight.  

2.2.3 Emulsifying ability and emulsifying stability 
Minor modifications were made to the methods used in a prior study to 

examine the emulsifying capabilities of PSPI and other three oilseed meal protein 

isolates (PEPI, SUPI, and SOPI) [72]. Soybean oil (2 mL) and 0.1 % protein 

dispersions (6 mL, 0.02 mol/L phosphate buffer, pH 7.0) were blended, and 

sheared (14,000 × g) for 1 min. At 0 and 10 minutes, 50 L of the emulsion were 

pipetted out of the bottom of the container and diluted with SDS solution (5 mL, 

0.1%), respectively. A spectrophotometer (722 Visible spectrophotometer, Youke 

Instrument Co., LTD, China) operating at a 500 nm wavelength was used to 

examine the diluted emulsion. The Emulsifying ability indicator (EAI) and 

Emulsifying stability indicator (ESI) were calculated using the absorbance values 

recorded immediately after emulsification (A0) and taken after 10 min (A10, △t). 

The following formulae were used to determine the EAI and ESI [72]: 

EAI（m2

g
）=2T

A0×100

c×Φ×10000
 

ESI（min）= A0×△t

𝐴0−A10
 

Where T=2.303; dilution factor =100; C=soluble protein concentration per 
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volume (g/mL); and Φ=total oil volume in emulsifying solution. 

2.2.4 Foaming ability and foaming stability 
The method outlined by Taiwo et al. with a little modification was used to 

test the foaming ability and foaming stability [73]. Protein was dissolved in 10 

mL of phosphate buffer (0.02 mol/L; pH 7.0) and agitated for 1 hour. 5 mL of the 

solution were transferred to a 50 mL centrifuge tube and homogenized for 1 

minute at 14000 × g. The following formula was used to compute the continuous 

phase's volume (foaming ability) [73]:  

Foaming ability(%)=
(volume after whipping-volume before whipping) ml

(volume before whipping) ml
 

Foaming stability (%)    

=
(volume after standing for 30 min − volume before whipping)ml

(volume after whippingfor 30 min − volume before whipping)ml
 

2.2.5 Wetting time 
60 mL of distilled water was added in a 100 mL beaker and then mixed 

with the sample (0.3 g). Start timing simultaneously and continue until all of the 

powder are moist.  

2.2.6 Solubility 
The Bradford test was used to determine the soluble protein in PSPI. After 

being prepared and agitated for 1 hour at room temperature, the PSPI dispersion 

(1.0 mg/mL, w/v, pH 7.0) was centrifuged at 4000 × g for 20 min. The ratio 

between the soluble protein content and the total protein content was used to 

calculate the protein solubility of PSPI flour. 

2.2.7 Preparation of defatted pumpkin seed flour 
Prior to analysis, the pumpkin seeds were defatted using a LYT-501 oil 

press (Minjian oil press plant, Dongguan, China). Then they were ground and 

sieved through an 80-mesh sieve [74]. The flour/hexane mixture was stirred at a 

1:5 (w/w) ratio for 1 h at 40 °C in triplicate to remove oil from pumpkin seed flour. 

The mixture was then dried in a fume hood at room temperature of 20 °C. 
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2.2.8 The alkali extraction method of pumpkin seed protein isolate 
assisted by ultrasonic sound 

In this experiment, water and defatted pumpkin seed meal were combined 

in a 250 mL beaker. With a 2 N NaOH solution, the pH of the combination was 

adjusted and kept at 10.5. The ultrasonic studies were conducted at 25 MHz 

utilizing an ultrasonic unit with a maximum output of 1500 W and an ultrasonic 

microwave synergistic extraction device (XH-300B, Beijing xianghu, Beijing, 

China). The extraction process was carried out at various ultrasonic power (X1: 

400–500 W), ultrasonic time (X2: 15–25 min), and ratio of liquid to solid (X3: 20–

30 ml/g) based on prior investigations.  

The product was extracted, centrifuged at 4,000 × g for 20 minutes to 

further remove the undissolved components, and then filtered from the 

supernatant. The filtrate was centrifuged at 4,000 × g for 15 min after being 

acidified with 2 N HC1 to pH 4.5. After being recovered, the pellet was 

centrifuged once more and then washed with distilled water. The pellet was 

freeze-dried and utilized to calculate PSPI yield and determine the protein content. 

2.2.9 The pH-shifting methods of PSPI 
The PSPI powder was dissolved in deionized water (1:30, w/w) to create a 

PSPI dispersion. Then the mixture was stirred for 1 h at 20 °C. The mixture was 

then adjusted to a succession of pH values (2, 4, 6, 8, 10, and 12) by 1 mol/L 

NaOH or 1 mol/L HCl, maintained for 1 hour, and adjusted to pH 7.0. The pH of 

the PSPI samples was determined using a Mettler Toledo 1140 pH meter [75]. 

After being dialyzed, the mixture was lyophilized. PSPI samples were designated 

as PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12 after being subjected to 

pH-shifting for 1 hour at various pH levels. With the exception of the pH-shifting 

treatment, the control PSPI was treated using the identical procedures as above. 

All of the PSPI samples were kept in storage at 4 °C for future analysis. 

2.2.10 Preparation of PSPI gel 
A deionized water-based PSPI dispersion (20%, w/w) was incubated at 

95 °C in a water bath for one hour. The produced PSPI gels were stored for 24 
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hours at 4 °C. The PSPI gels were used to test the water-absorbing ability after 

equilibration at 25 °C for 30 min.  

2.2.11 Water-absorbing ability of SPI gel 
The reported method was used to analyze the water-absorbing ability  [76]. 

After being centrifuged at 10,000 × g for 15 min, the weighted PSPI gel (W1) was 

inverted on the filter paper for 20 min. The PSPI gel was then weighed (W2) for a 

second time. The water-absorbing ability was determined by:  

Water-absorbing ability (%) =W2/W1 × 100% 

2.2.12 Textural analysis 
The textural analysis was carried out by TA. XT plus Texture Analyzer. 

P/0.5 probe was used to analyze the textures of PSPI gels and P/36R probe was 

used to analyze the textures of pumpkin seed meal biscuits and pumpkin seed 

protein isolate sausage. The post-test, test, and pre-test speeds were set at 2.0 

mm/s, 1.0 mm/s, 1.0 mm/s, respectively. According to the test results, the 

parameters of the samples were obtained. 

2.2.13 Average particle size and zeta potential of soluble protein in 
PSPI 

With a small modification to the previously reported method, the Zetasizer 

Nano-ZS90 (Malvern Instrument Ltd., UK) was used to measure the particle size 

distribution and zeta potential of the soluble protein in PSPI [58]. The PSPI (1.0 

mg/mL, w/v, pH 7.0) dispersion was centrifuged at 10,000 × g for 15 minutes 

after being agitated for 1 hour at 25 °C to obtain the supernatant. 1 ml of the 

supernatant was put into the quartz cuvette and zeta potential sample chamber, 

respectively. Each measurement was made three times.  

2.2.14 Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) of soluble protein in PSPI 

With a few minor modifications, the described method was used to do SDS-

PAGE [77]. The PSPI dispersion (2 mg/mL) was prepared, and the supernatant 

was obtained by centrifuging the mixture. 20 uL SDS-PAGE sample loading 

buffer (5%) and 80 uL supernatant were mixed, heated at 100 °C for 5 minutes, 
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and then kept to cool to room temperature. With 5% stacking gel and 12% 

separating gel, electrophoresis was carried out at 80 V for 35 minutes, followed 

by 120 V for around 40 minutes. Proteins were visible by using Coomassie 

Brilliant Blue R-250 staining. 

2.2.15 LF-NMR spin-spin relaxation (T2) measurements 
The transverse relaxation time (T2) was calculated by an NMR analyzer 

(NMI120, Niuman Electric Corp., China). The proton resonance frequency of the 

NMR analyzer was 18 MHz. The parameters of TW was 2000 ms and NECH was 

10,000 echoes. Multi Exp Inv software is used to examine the T2 data. 

2.2.16 Thermal properties of PSPI 
A differential scanning calorimeter (DSC 25 XX, TA Instruments, New 

Castle, DE, USA) was used to measure the thermal characteristics of PSPI, and it 

was modified slightly from the reported approach [78]. The aluminum pan was 

filled with deionized water of 10 ul and 2 mg PSPI flour. Using a sealed empty 

pan as a reference, the hermetically sealed pans were heated at a rate of 10 °C/min 

between 25 and 120 °C in an inert environment of nitrogen gas (50 ml/min). The 

Universal Analysis Software (Version 1.9 D, TA Instruments, New Castle, DE) 

was used to calculate the curves' onset temperature (To), peak temperature (Tp), 

and enthalpy of denaturation (△H). 

2.2.17 Free sulfhydryl group contents and disulfide bond contents 
The detection of total sulfhydryl group (SHT), free sulfhydryl group (SHF), 

and disulfide bond (SS) contents of PSPI was carried out using a method that has 

already been published, with a few minor adjustments [79]. The PSPI samples (60 

mg) were added to 10.0 mL of standard buffer, which contains 8 mol/L of urea 

and contains 0.086 mol/L Tris, 0.09 mol/L glycine, and 0.004 mol/L EDTA. After 

stirring PSPI for 1 hour, it was centrifuged at 10,000 × g for 10 minutes to get the 

supernatant, whose concentration was evaluated using the Bradford test. Ellman's 

reagent (4 mg/ml DTNB) and 2.0 ml supernatant were blended for 5 minutes to 

determine the SHF content. The mixture absorbance at 412 nm was then 

immediately measured. The supernatant of 2.0 mL was mixed with 0.2% β-
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mercaptoethanol and 12% trichloroacetic acid (TCA) of 4 mL to determine the 

SHT level. To obtain the precipitate, the mixture was centrifuged at 10,000 × g for 

10 min after 1 h. The precipitate was dissolved in a 3 ml Tris-Glycine buffer 

solution after being washed with TCA four times. The following formulae [79] 

were used to calculate the SHT, SHF, and SS contents (mol/g): 

SHT/SHF (μmol/g) =73.53 A412/C; SS (μmol/g) = (SHT-SHF)/2 

Where A412 is the absorbance at 412 nm and C is the protein concentration 

of PSPI in the supernatant (mg/mL).  

2.2.18 Surface hydrophobicity 
The fluorescent probe of ANS was used to measure the surface 

hydrophobicity (H0) of PSPI [80]. First, 0.01 mol/L of phosphate buffer (pH 7.0) 

was used to dissolve PSPI (2 mg/mL), after which it was vortexed for two minutes. 

As the stock PSPI solution, the supernatant was produced by centrifugation at 

4000 × g for 15 min. Bradford test was used to determine its concentration. Then, 

stock PSPI supernatant was diluted with 0.01 mol/L pH 7.0 phosphate buffer to 

make five PSPI concentrations that ranged from 0.02 to 0.50 mg/mL. Phosphate 

buffer (0.01 M, pH 7) was used to make the 8 mM stock solution of ANS. 20 uL 

of ANS and 4 mL of protein solution were mixed, and the absorbance was 

measured at 390 nm excitation and 470 nm emission with 5 nm slits. The slope of 

the linear regression between protein concentration and fluorescence intensity 

was used to calculate the H0 index. 

2.2.19 Intrinsic fluorescence spectroscopy 
According to the described procedure [81], a fluorescence 

spectrophotometer (F-7000, Hitachi Corp., Japan) was used to measure the 

intrinsic fluorescence spectroscopy of PSPI. First, phosphate buffer (10 mmol/L, 

pH 7.0) was used to disperse PSPI (1 mg/mL). Then the intrinsic fluorescence of 

PSPI solution were measured at 280 nm excitation and 300~400 nm emission. 

The fluorescence spectra were collected at a scanning rate of 2400 nm/min. It was 

decided to use slit widths of 5 nm for the excitation and 2.5 nm for the emission. 

All samples were examined in triplicate and phosphate buffer (0.01 mol/L, pH 7.0) 
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was used as the control. 

2.2.20 Scanning electron microscopy (SEM) 
SEM was used to determine the surface topography of PSPI using a 

previously described approach [82]. To prevent charging under the electron beam, 

the dry sample was coated with a gold layer, mounted on a Luminal specimen 

holder, and equally distributed on double-sided Scotch tape. A JSM-5610LV SEM 

(JEOL, Tokyo, Japan) was used to examine the microstructure of PSPI. 

2.2.21 Particle size determination of PSPI samples 
With air serving as the dispersion medium, the particle size distributions of 

control PSPI, PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12 were 

measured using a BT-2001 Laser analyzer (Dandong Bettersize Instruments Ltd., 

Dandong, China) [83]. The particle size range of the instrument was 0.1 from 

1000 μm. The laser analyzer was according to dynamic light scattering. Based on 

their unique surface areas, the particle sizes of the PSPI samples were measured. 

Every sample was detected in triplicate. 

2.2.22 The making process of pumpkin seed meal biscuits 
On the basis of the mixed powder, of which the addition ratio of low-gluten 

wheat flour, pumpkin seed meal, and konjac flour was 2:2:1, 6 % plant oil, 10% 

butter, 30% maltitol, 40% eggs, 16% water, 0.5% sodium bicarbonate, and 0.2% 

ammonium bicarbonate were used.  

Melt the butter first. Then, after dissolving the appropriate amount of 

maltitol in water, add the oil, sodium bicarbonate, ammonium bicarbonate, and 

entire egg liquid. Next, combine these mixtures with konjac powder, low-gluten 

wheat powder, and pumpkin seed meal powder. After forming a dough, let it rest 

for five minutes. The dough had to be smooth, evenly distributed, moderate in soft 

and hard, and a little bit flexible. Flatten the dough into a 2 mm-thick pancake. 

Next, set the mold of pancake on the baking sheet that has been lined with oil 

paper. In order to bake the biscuits to a light brown color, place the loaded cake 

embryo in an oven that has been preheated to 160 °C for 25 minutes. Remove the 

baked biscuits and allow them to cool to room temperature naturally. 
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2.2.23 Single-factor experimental design of making biscuits 
(1) Based on the fundamental formula, the ratio of low-gluten wheat flour, 

pumpkin seed meal, and konjac flour was established as 2:2:1, 1.5:2:1.5, 1:2:1, 

2:1:1, and 1:1:1, respectively, and their variations in hardness and organoleptic 

quality were determined.  

(2) Based on the fundamental formula, the five groups of plant oil were 

assigned percentages of 8, 6, 4, 2, and 0 % while the five groups of butter were 

assigned percentages of 8, 10, 12, 14, and 16 % based on the same calculation. 

Biscuits were made with a total oil of 16 %, and their variations in hardness and 

organoleptic quality were determined.  

(3) Based on the fundamental formula, maltitol of 15, 20, 25, 30, and 35 % 

was added, respectively, and their variations in hardness and organoleptic quality 

were determined.  

2.2.24 Orthogonal experimental design of making biscuits 
The values of the addition ratio of major components (low-gluten wheat 

powder, pumpkin seed meal powder, konjac powder), the addition ratio of plant 

oil and butter, and the addition amount of maltitol for the L9 (34) orthogonal test 

were obtained based on the single factor studies. The table below (Table 2.1) 

displays the test factors and its levels. It was determined how their alterations in 

hardness and organoleptic quality changed. 

Table 2.1 

Factors and levels of orthogonal test 

Levels 

Factors 

The addition of low-gluten wheat 

powder, pumpkin seed meal 

powder, konjac powder 

The addition of 

plant oil and butter 

The 

addition of 

maltitol 

1 1:2:1 6 %, 10 % 20 % 

2 2:2:1 4 %, 12 % 25 % 

3 2:1:1 2 %, 14 % 30 % 
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The results of the single-factor experimental design were used to determine 

the factors and levels of orthogonal test. The experiments were carried out in 

accordance with this design, and the ideal recipe was attained. 

2.2.25 The making process of pumpkin seed protein isolate sausage 
The ingredients were added on this basic amount of meat (200 g). The 

additions of edible salt, sugar, light soy sauce, cooking wine, thirteen incense, red 

coloring agent, modified starch was 1, 1, 1.5, 1, 0.1, 0.1 and 1 g/100 g, 

respectively. A modest amount of ginger and garlic were also added.  

First, clean the meat and cut them into little pieces. Then, add pumpkin seed 

protein isolate to the casing after the meat has been marinated for longer than 30 

minutes and minced. Afterwards, the sausage underwent air drying, baking, 

sterilization, cooling, and packaging. 

2.2.26 The single factor tests of pumpkin seed sausage 
In the current study, the individual effects of lean meat (50, 60, 70, 80, and 

90 g/100 g), pumpkin seed protein isolate (0.75, 1.5, 2.25, 3.0, and 3.75 g), 

cooking time (30, 35, 40, 45, and 50 min), and baking time (1, 1.5, 2.0, 2.5, and 3 

h) on the quality of pumpkin seed protein isolate were determined. To examine 

the effects of each individual factor, the basic amounts of pumpkin seed protein 

isolate, lean meat, cooking time, and baking time were set at 2.25 g/100 g, 60 

g/100 g, 40 min, and 2.5 h, respectively. The sensory assessment and textural 

analysis of hardness were used as evaluation indicators. 

2.2.27 The Orthogonal test of pumpkin seed sausage 
The orthogonal test was used to determine the best formula after each factor 

had undergone a single factor test. The factors and levels of the orthogonal test 

were designed as shown in Table 2.2. 

2.2.28 Determination of chemical compositions 
Fat, protein, ash, dietary fiber content of the samples were determined 

according to the Chinese National Food Safety Standards GB 5009.6-2016 [84], 

GB 5009.5-2016 [85], and GB 5009.4-2016 [86], GB 5009.88-2014 [87], 

respectively.  
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Table 2.2 

The design of factors and levels 

Levels 

Factors 

Pumpkin seed protein 

isolate (A, g/100 g) 

Lean meat (B, 

g/100 g) 

Cooking time (C, 

min) 

1 1.5 60 35 

2 2.25 70 40 

3 3.0 80 45 

 

2.2.29 Determination of moisture 
The moisture content of samples was measured with MA150C-000230V1 

moisture tester. Pulverize the biscuits and pass them through a 40-mesh sieve, 

accurately weigh 1.00 g of the sample on the sample pan, spread it evenly, close 

the heating mantle, adjust the heating temperature of the instrument to the highest 

temperature of 105 °C, click the start button, and the equipment will start to heat 

and measure. When the mass loss of the sample is less than 1.0 mg within 1 min, 

the instrument automatically stops heating, and the moisture content of the sample 

is directly read from the instrument. 

2.2.30 Postprandial glycemic index determination of biscuits 
The method for measuring the glycemic index of biscuits was formulated 

with reference to the "Measurement Method of Food Glycemic Index" [88]. 

Testers did not consume high-fiber and high-sugar foods the day before the test 

and fasted before 22:00. After collecting the fasting blood samples, texters 

consumed biscuits containing 40 g of glucose or the same amount of available 

carbohydrates and 250 mL of water, and the timing was started from the first bite, 

and 30, 45, 60, 90 and 120 minutes after meals, respectively. Blood glucose 

concentration was measured. Taking the time as the abscissa and the blood 

glucose concentration as the ordinate, the blood glucose response curve is drawn. 

The GI value equals the area under blood glucose response curve after a meal of 

foods containing 40 g of available carbohydrates about 2 hours divided by the 
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area under the blood glucose response curve about 2 hours of a meal of 40 g 

glucose [89]. 

2.2.31 Microbial analysis 
The microbial measurement indicators of biscuits and sausage include total 

microbial population and Staphylococcus aureus count. They were determined 

according to the Chinese National Food Safety Standards GB 4789.2-2016 [90] 

and GB 4789.3-2016 [91], respectively. 

2.2.32 Determination of multi-element contents 
The multi-element contents were determined according to the Chinese 

National Food Safety Standards GB 5009.268-2016. 

2.2.33 Determination of digestive properties of biscuits 
The digestive properties of biscuits was determined according to a previous 

method [92]. (1) Preparation of glucose standard curve. The standard curve was 

made by taking the absorbance at 540 nm wavelength as the vertical coordinate 

and the concentration of glucose standard solution as the horizontal coordinate. 

(2) The hydrolysis rate (HR) of starch was determined. Accurately weigh 0.5 g of 

the sample and place it into a 50 mL centrifuge tube with a swiveling cover. Add 

10 mL 0.2 mol/L sodium acetate buffer of pH 5.2 and 5 glass beads. After vortex 

mixing, the enzyme mixture containing 10 mL trypsin (320 U/L) and 40 μL 

saccharifying enzyme (10 000 U/mL) was added to each test tube, and the test 

tube was placed in a 37 °C thermostatic oscillating water bath for incubation at 

170 r/min. After hydrolysis for 10, 20, 30, 60, 90, 120, 150 and 180 min, 1.0 mL 

hydrolysate was taken out, and then mixed with 4 mL anhydrous ethanol. The 

enzyme reaction was stopped, and the glucose content was determined by dinitro 

salicylic acid (DNS) method. The hydrolysis rate (HR) of biscuit starch was 

calculated. White bread was used as a blank control. 

2.2.34 Determination of digestive properties of sausage 
4.0 g sausage sample was used for determination protein digestibility. One 

part was only digested with pepsin, and the other part was digested with pepsin 

and trypsin by two steps. The digested mixture was immersed in alcohol overnight, 
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cooled and centrifuged (10,000 × g, 20 min, 4 °C), and the supernatant was 

discarded. The precipitation was dried to a constant weight at 50 °C, and the data 

were recorded. The protein content of sausage samples and dried residues was 

determined by the Kjeldahl nitrogen determination method. The calculation 

equation of digestibility is as follows: 

𝐷𝑇(%) =
𝑊0−𝑊1

𝑊0
×100% 

Where, DT is protein digestibility in vitro, W1 is protein content in dried sediment 
after digestion (g), and W0 is protein content in sausage samples before digestion 
(g). 

2.3 Laboratory research protocols 
The research was carried out at Hezhou University in China, Sumy National 

Agricultural University in Ukraine, the results of experiments are confirmed by 

relevant research protocols. Research protocols are given in the Addition A. 

"Protocols of experimental data". 

2.4 Statistical analysis 
All measurements were made in triplicate except as otherwise noted. The 

mean value of the results was given, along with the standard deviation (SD). A 

one-way analysis of variance (ANOVA) was conducted to determine which 

independent variables had a significant difference (p＜0.05). For data processing 

and analysis, SPSS software (version 26.0; SPSS Inc., Chicago, IL, USA) was 

used.  
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SECTION 3 TECHNOLOGY FOR OBTAINING PROTEIN 
ISOLATE FROM PUMPKIN SEED MEAL AND IMPROVING THE 
FUNCTIONAL PROPERTIES BY PH-SHIFTING TREATMENT.  

3.1 Compare the functional properties of pumpkin seed protein 
isolate to three oilseed protein isolates 

The functional characteristics of four different protein isolates, including 

peanut protein isolate (PEPI), pumpkin seed protein isolate (PSPI), sunflower 

seed protein isolate (SUPI), and soybean protein isolate (SOPI), were examined. 

These functional characteristics included oil-absorbing ability, water-absorbing 

ability, wetting time, emulsifying ability, emulsifying stability, foaming ability, 

and foaming stability. 

3.1.1 The oil-absorbing ability of PEPI, PSPI, SOPI, and SUPI. 
Comparing the advantages and disadvantages of the functional 

characteristics of PSPI to other three commonly used oilseed protein isolates will 

provide further application basis of PSPI. 

 
Fig. 3.1 The oil-absorbing ability of PEPI, PSPI, SOPI, and SUPI 
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Oil-absorbing ability is known as the amount of oil that can be absorbed 

into a protein per unit [93]. It can increase the capacity of food for absorbing and 

retaining fat, lower the amount of fat lost during production, and enhance the 

flavor and palatability. The oil-absorbing ability of of PEPI, PSPI, SOPI, and 

SUPI was evaluated in the present study. According to Fig. 3.1, PSPI had the 

highest oil-absorbing capacity (1.34 mL/g), which was 1.34 times greater than 

PEPI (1.00 mL/g) and SUPI (1.00 mL/g), and 1.56 times greater than SOPI (0.86 

mL/g).  

There was no significant difference between the oil-absorbing capacity 

values of PEPI and SUPI, despite the fact that  oil-absorbing ability of PSPI was 

significantly (p < 0.05) higher than other three protein isolates. The PEPI and 

SUPI showed better oil-abosrbing ability than SOPI. Proteins  which have high 

oil-absorbing ability can be used in the food industry to make extenders, meat 

replacements, and ground meat. These reasults might indicate that PSPI have 

more benefit when it comes to decrease the loss of fat in meat processing, 

lowering the amount of fat consumed during frying and improving the flavor of 

the products. 

3.1.2 The water-absorbing ability of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.2 The water-absorbing ability of PEPI, PSPI, SOPI, and SUPI 
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The amount of water that a unit weight of a protein can absorb is indicated 

by its water-absorbing ability [93].  High water absorption not only lowers product 

costs but also gives the product the desired juiciness and aids in emulsification. 

As presented in Fig. 3.2, the water-absorbing ability of PEPI, PSPI, SOPI, and 

SUPI was 1.58 mL/g, 1.69 mL/g, 1.42 mL/g, and 1.36 mL/g, respectively. These 

four protein isolates showed no difference ((p < 0.05)), which might suggest that 

their capacity to absorb water during food processing is comparable. 

3.1.3 The wetting time of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.3 The wetting time of PEPI, PSPI, SOPI, and SUPI 

 
Oilseed proteins and water can interact throughout a period of time known 

as wetting time. Wetting time was visually inspected to ensure that it matched the 

amount of time required to wet all the particles. Short wetting times demonstrate 

that oilseed proteins can quickly interact with water and become wet. According 

to Fig. 3.3, PSPI had the shortest wetting time (11.02 s), which was lower than 

PEPI (41.80 s), SUPI (57.44 s), and SOPI (139.94 s). The result showed that PSPI 

has the quickest wetting time when compared to that of PEPI, SOPI, and SUPI, 

which might demonstrate that when PSPI is utilized as a functional component in 

food products, the wetting stage may consume less time. 
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3.1.4 The foaming ability of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.4 The foaming ability of PEPI, PSPI, SOPI, and SUPI 

 
The protein capacity to foam depends on a variety of factors, including 

ionic strength, pH, evaporation, the system, temperature, the competitive 

adsorption of other proteins, as well as its own interfacial properties, which 

include the capacity to reduce surface tension, flexibility of molecular structure, 

amphiphilicity, charge distribution, and other physicochemical properties [34]. 

Protein isolates are frequently employed in food industry to aid in the production 

and stabilization of food foam. Food systems like beverages, desserts, and 

whipped toppings, foam formation is very important to their structures [94]. 

According to Fig. 3.4 of this study, PEPI (18.18 %) had the highest foaming 

ability, which was almost 4.69 times greater than PSPI (3.88 %), 2.34 times 

greater than SOPI (7.76 %), and 1.95 times greater than SUPI (9.33 %). However, 

there was no significant difference (p < 0.05) between the foaming capacities of 

PSPI, SOPI, and SUPI. Higher foaming ability of PEPI may suggest that PEPI has 

more potential for application in desserts like cakes. 
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3.1.5 The foaming stability of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.5 The foaming stability of PEPI, PSPI, SOPI, and SUPI 

Foaming stability is also an important property for cake and ice cream. 

According to Fig. 3.5, SUPI had the highest foaming stability of 72.04 %, which 

was 1.36 times higher than PEPI (52.96 %), 3.60 times higher than PSPI (20.00 %), 

and 2.21 times higher than SOPI (32.54 %). It might indicate that the foaming 

stability of SUPI is greater than PSPI when they are used in the ice cream or 

dessert manufacturing process. 

3.1.6 The emulsifying ability of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.6 The emulsifying ability of PEPI, PSPI, SOPI, and SUPI 
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Emulsions are thought to be a type of dispersion in which tiny droplets are 

surrounded by a liquid phase. The food industry uses two different kinds of 

emulsions. One is oil-in-water mixture (O/W), such as milk and ice creams. 

Another is water-in-oil (W/O) mixture, such as butter and margarine [95]. 

Emulsions are formed in the presence of an emulsifier. A type of emulsifier 

known as protein has both polar and non-polar amino acid residues. Emulsifying 

characteristics have frequently been determined by emulsifying stability and 

emulsifying ability. The definition of emulsifying ability is the amount of oil 

emulsified by a specific unit of emulsifier at the emulsifying collapse point [96]. 

As presented in Figure 3.6, the emulsifying capacity of SOPI (100.84 m2/g) was 

1.99 times more than PEPI (50.57 m2/g), 2.14 times greater than PEPI (47.08 

m2/g), and 1.63 times greater than SUPI (61.82 m2/g). Other three protein isolates 

showed no differences. Among all four protein isolates, SOPI demonstrated the 

best emulsifying performance in this investigation. The emulsifying properties of 

soybean protein has long been used as a processing aid in the field of crushed 

meat. 

3.1.7 The emulsifying stability of PEPI, PSPI, SOPI, and SUPI. 

 
Fig. 3.7 The emulsifying stability of PEPI, PSPI, SOPI, and SUPI 
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One of the vital functions of proteins is emulsification, which helps keep 

the stability of scattered and continuous phases in food [97]. The capacity of an 

emulsifier to stabilize an oil-water mixture is known as emulsifying stability. 

Otherwise, it might lead to phase separation. As seen in Fig. 3.7, SUPI had the 

maximum emulsifying stability (23.30 min), which was 1.26 times greater than 

PEPI (18.47 min), 1.16 times greater than PSPI (20.13 min), and 1.57 times 

greater than SOPI (14.83 min). The emulsifying stability of SOPI, PEPI, and PSPI 

showed no significant difference. However, SOPI had a greater emulsifying 

capacity than that of SUPI and SUPI had a greater emulsifying capacity than that 

of SOPI. This result demonstrated that SUPI has superior properties over SOPI 

for maintaining the stability of an oil-water mixture during food processing, like 

ice cream. 

3.1.8 The amino acid of PEPI, PSPI, SOPI, and SUPI. 
Essential amino acids and non-essential amino acids are the two types of 

amino acids that make up protein in the human body. Essential amino acids are 

those that the human body is unable to produce on its own and must be obtained 

from exogenous foods or amino acid supplements. Ile, leu, Lys, Met, Trp, Thr, 

Phe, and Val are the eight essential amino acids. Table 3.1 displays the amino acid 

composition of SOPI, PEPI, PSPI, and SUPI. 

Because soybean protein isolate had a high lysine level and a low 

methionine content, it was the perfect complement to cereal protein in terms of 

amino acids [98]. Eight necessary amino acids are present in peanut protein, 

which is very readily digested and assimilated by humans (its digestion coefficient 

might exceed 90 %). Its amino acid content is complete, amino acid ratio is 

reasonable [100]. The protein from sunflower seeds is also a good source of 

aromatic amino acids. It has all essential amino acids that the human body needs 

and can supply children histidine. Compared to the amino acid composition of 

SOPI, PEPI, and SUPI, the PSPI contained higher content of Arg (16.04 mg/100 

mg), Gly (5.17 mg/100 mg), Met (2.57 mg/100 mg) and Val (5.60 mg/100 mg). 

It suggested that PSPI have certain advantages when it is introduced into food 

products. 
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Table 3.1 

Amino acid composition (mg/100 mg protein) of SOPI, PEPI, PSPI and 

SUPI 

Amino 

Acid 

SOPI PEPI PSPI SUPI FAO/WHO  

For 

children 

FAO/WHO 

For adult 

Ala 4.1 3.81  4.84 4.14   

Arg 7.6 12.33  16.04 10.55   

Asp 11.6 11.81 7.12 9.47   

Cys 1.2 1.50  0.45 0.47   

Glu 19.8 24.61 20.61 24.91   

Gly 4.1 4.02  5.17 4.9   

His 2.6 2.78  1.52 2.66 1.9 1.6 

Ile 4.8 3.15  4.14 4.51 2.8 1.3 

Leu 7.7 6.43  7.82 6.29 6.6 1.9 

Lys 6.0 2.60 3.38 2.29 5.8 1.60 

Met 1.3 1.12  2.57 1.93   

Phe 5.2 5.41  5.32 5.47   

Pro 5.6 4.93 3.82 2.71   

Ser 5.2 5.16  4.43 3.85   

Thr 3.6 2.51  2.19 3.17 3.4 0.9 

Trp 1.3 - 2.10 - 1.1 0.5 

Tyr 3.7 4.12 2.90 2.99   

Val 4.7 3.78 5.60 4.8 3.5 1.3 

Reference [98] [99] [16] [100]   
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3.2 Extraction of pumpkin seed protein isolate 
3.2.1 The influence of ratio of solid to liquid on protein extraction yield) 

 
Fig. 3.8 The influence of ratio of solid to liquid on protein extraction yield 

 
As can be seen from Fig. 3.8, different ratios of solid to liquid had a great 

impact on the protein extraction yield of pumpkin seed protein isolate. When the 

ratio of solid to liquid altered from 1:20 to 1:25, the protein extraction yield 

showed increased value. When the ratio altered from 1:25 to 1:35, the protein 

extraction yield showed decreased value. In theory, the higher the amount of 

solvent, the higher the protein extraction yield, but when the amount of solvent 

reached a certain value, the extracted protein concentration in solvent and protein 

concentration in pumpkin seed meal gradually became balanced, the extraction 

yield reached the highest value [101]. Continuing to increase the amount of 

solvent not only causes the protein concentration decreased per unit, and waste 

solvent and energy, but also brings difficulties to the subsequent concentration 

process [102]. Therefore, the ratios of solid to liquid of 1:20, 1:25 and 1:30 were 

selected to do the orthogonal experiment.  
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3.2.2 The influence of extraction powers on protein extraction yield

 
Fig. 3.9 The influence of extraction powers on protein extraction yield 

 
As can be seen from Fig. 3.9, ultrasonic power has a great influence on the 

yield of PSPI. The protein extraction yields at 300 W and 350 W were 76.7% and 

75.63%, respectively. The protein extraction yield improved significantly when 

ultrasonic power increased from 350 W and 450 W, and the optimal extraction 

rate was detected at ultrasonic power of 450 W and its extraction rate was 79.42%. 

The protein extraction yield decreased from extraction power of 450 W to 500 W, 

which might be due to that the acoustic cavitation caused by high ultrasonic power 

seriously broke the structure of protein molecular, reconstituted the proteins and 

changed the isoelectric point, as a result, the extraction rate and protein purity 

reduced [103]. Therefore, it is appropriate to select ultrasonic power of 400, 450 

and 500 W to do the orthogonal test. 
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3.2.3 The influence of extraction time on protein extraction yield 

Fig. 3.10 The influence of extraction time on protein extraction yield 

 
According to Fig. 3.10, the protein extraction yield increased first when the 

extraction time increased from 15 to 25 min and then decreased when the 

extraction time increased from 25 to 30 min. It has been demonstrated that the 

cavitation effect and mechanical effect of long-time ultrasonic treatment might 

break protein peptide bonds, denature amino acid side chain, or change the protein 

structure by condensation reaction with other molecules [104], resulting in 

reduced extraction rate and protein purity. Therefore, the extraction time of 15, 

20, and 25 min were selected for orthogonal test.  

3.2.4 Results of the optimum extraction conditions (ultrasonic power, 
ultrasonic time and ratio of liquid to solid)  

In Table 3.2, the three levels of variation explored for the independent 

variables X1 (ultrasonic power), X2 (ultrasonic time), and X3 (ratio of liquid to 

solid) are presented. 
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Table 3.2  
Independent variables and levels for Box–Behnken design 

Independent variables Symbol 
Level 

-1 0 1 

Ultrasonic power (W) X1 400 450 500 

Ultrasonic time (min) X2 15 20 25 

Ratio of liquid to solid (ml/g) X3 20 25 30 

 

Table 3.3 shows the yield of pumpkin seed protein isolate (PSPI) using the 

Box-Behnken experimental design. The following equation describes the 

quadratic model that was used in the response surface: 

Y= 80.93 + 1.63𝑋1 + 3.04𝑋2 + 1.27𝑋3 − 4.46𝑋1
2 − 3.38𝑋2

2 − 1.27𝑋3
2 −

0.042𝑋1𝑋2 − 1.52𝑋1𝑋3 − 0.74𝑋2𝑋3 

Table 3.3 
Box-Behnken design arrangement, responses for protein yield of 

ultrasound-assisted alkaline extraction on pumpkin seed protein isolate (PSPI) 

Run X1: Ultrasonic 
power (W) 

X2: Ultrasonic 
time (min) 

X3: Ratio of 
liquid to solid 
(ml/g) 

Yield 
(g/100 g) 

Predicted 
Value 
(g/100 g) 

1 1 1 0 77.79 77.72 
2 1 0 -1 78.13 77.09 
3 0 0 0 80.56 80.93 
4 1 -1 0 70.59 71.72 
5 1 0 1 76.59 76.57 
6 -1 -1 0 68.31 68.38 
7 0 1 1 79.77 79.86 
8 -1 0 1 75.32 76.36 
9 -1 0 -1 70.77 70.79 

10 0 -1 -1 71.34 71.25 
11 -1 1 0 75.68 74.55 
12 0 1 -1 77.68 78.80 
13 0 -1 1 76.37 75.25 
14 0 0 0 80.95 80.93 
15 0 0 0 81.29 80.93 
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The analysis of variance (ANOVA) findings (Table 3.4) showed that the 

ratio of liquid to solid, ultrasonic power, and ultrasonic time all exhibited 

significant positive linear effects. The coefficient of determination (R2) was 

0.9681, indicating an excellent model fit for the model's ability to account for 

96.81% of the total variation. The model appeared to be significant because the 

adjusted determination coefficient's (RAdj
2) value was 0.9107. The experimental 

values had a very high degree of precision and good reliability, as indicated by 

the coefficient variation (CV) value of 1.61. 

Table 3.4  

Analysis of the variance (ANOVA) of the quadratic model 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F-Value 

p-value 
Prob > F 

Model 228.95 9 25.44 16.87 0.0031 

A1 21.19 1 21.19 14.05 0.0133 

A2 73.87 1 73.87 48.98 0.0009 

A3 12.83 1 12.83 8.50 0.0332 

A12 0.0072 1 0.0072 0.0048 0.9475 

A13 9.27 1 9.27 6.15 0.0559 

A23 2.16 1 2.16 1.43 0.2850 

A11 73.58 1 73.58 48.78 0.0009 

A22 42.10 1 42.10 27.91 0.0032 

A33 5.92 1 5.92 3.93 0.1043 

Residual 7.54 5 1.51   

Lack of Fit 7.27 3 2.42 18.17 0.0526 

Pure Error 0.27 2 0.13   

Cor Total 236.49 14    

R2=0.9681      RAdj
2=0.9107      CV=1.61 
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Fig. 3.11 Response surfaces (a) and contour plots (b) showing effects of 

extraction variables (X1, ultrasonic power; X2, ultrasonic time; X3, ratio of liquid 

to solid) on the ultrasound-assisted alkaline extraction and acid precipitation 

(UAAE) yield of pumpkin seed protein isolate (PSPI) 

 
Figure 3.11 a, b shows the effects of ultrasonic power (X1) and ultrasonic 

time (X2) on the PSPI extraction yield while the liquid to solid ratio was set to 25 

ml/g. The extraction yield of PSPI grew gradually as the ultrasonic time increased 

when the ultrasonic power was at a low level, as shown by the response surface 

and its related counter plot. The yield of PSPI increased from approximately 75 

g/100 g to 80 g/100 g at a high level of ultrasonic time as the ultrasonic power 

was raised. However, at a low level of ultrasonic time, the yield of PSPI improved 

from around 71 g/100 g to 75 g/100 g. The results showed that increasing 

ultrasonic power and ultrasonic time in the experiment range was beneficial to the 

extraction yield of PSPI.  
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Fig. 3.12 Response surfaces (c) and contour plots (d) showing effects of 

extraction variables (X1, ultrasonic power; X2, ultrasonic time; X3, ratio of liquid 

to solid) on the ultrasound-assisted alkaline extraction and acid precipitation 

(UAAE) yield of pumpkin seed protein isolate (PSPI) 

 
In Fig. 3.12 c, d, the response surface and counter plot that demonstrated 

the impacts of ultrasonic power (X1) and the ratio of liquid to solid (X3) on the 

yield of PSPI were displayed while keeping ultrasonic time (X2) at a moderate 

level of 20 minutes. The maximum extraction yield of PSPI was attained at the 

middle level of ultrasonic power and the ratio of liquid to solid; further increases 

in ultrasonic power and the ratio of liquid to solid would not result in an increase 

in the extraction yield of PSPI.  
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Fig. 3.13 Response surfaces (e) and contour plots (f) showing effects of 

extraction variables (X1, ultrasonic power; X2, ultrasonic time; X3, ratio of liquid 

to solid) on the ultrasound-assisted alkaline extraction and acid precipitation 

(UAAE) yield of pumpkin seed protein isolate (PSPI) 

Fig. 3.13 e, f illustrates the impact of ultrasonic time (X2) and liquid to solid 

ratio (X3) on the yield of PSPI while preserving ultrasonic power (X1) at a 

moderate level (450 W). As the ratio of liquid to solid increased at a high level of 

ultrasonic time, the yield of PSPI significantly increased. However, the influence 

of the liquid to solid ratio on the yield of PSPI was not significant when ultrasonic 

time was at a low level. 

The calculated optimal PSPI extraction settings were ultrasonic power of 

456 W, ultrasonic period of 22 min, and ratio of liquid to solid of 27 mL/g. These 

values were obtained by solving the regression equation and examining the 

response surface contour plots. PSPI were extracted under ideal UAAE 

circumstances, and the effectiveness of model was evaluated. The outcome 

demonstrated that the experimental value of the PSPI yield (80.76 g/100 g) was 

similar to the projected value (81.86 g/100 g). This indicated a strong fit between 

the experimental value and the predicted value of regression model. As a result, 

it is possible to accurately predict the PSPI extraction condition using response 
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surface modeling.  

3.3 Improving the gel properties of PSPI by pH-shifting treatment 
3.3.1 Technological scheme for obtaining a semi-finished product 
Technological scheme for obtaining protein isolate from pumpkin seed meal 

shown on Fig. 3.14. 

 
Fig. 3.14 Technological scheme for obtaining protein isolate from pumpkin seed meal 

Dispersion of flour in water (1:30, w/w) Deionized water 

Mixing with a magnetic stirrer pH=10,5, τ=60 min NaOH 

Centrifugation at 4000×g, pH=4,5, τ=20 min HCl 

Sediment of protein 

Dialysis to remove Na+ and Cl- 

Pumpkin seed meal 

Dispersion of the protein sediment in water (1:30, w/w) Deionized water 

Mixing with a magnetic stirrer 
pH=9,0-12,0, τ=60 min 

NaOH 

Bringing the mixture to pH=7,0 

Drying by lyophilization τ=48 hours 

Pumpkin seed meal protein isolate 

Dialysis to remove Na+ та Cl- 

Bringing the mixture to pH=7,0 

Drying by lyophilization τ=48 hours 

Mixing with a magnetic stirrer 
pH=2,0-5,0, τ=60 min 

HCl 
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3.3.2 Results of textural analysis of PSPI gel 

 
Fig. 3.15 Pictures of control PSPI gel and pH-shifting treated PSPI gels 

(PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
Under particular circumstances, the definition of gel is molecules in a 

dispersion system interact to form a network structure. Since proteins are 

primarily responsible for gelation, they are crucial in the preparation of gelled 

food. When determining whether food products will be accepted by consumers, 

texture is an important sensory quality factor [105]. The "two bite tests" method 

of texture profile analysis (TPA) can mimic the chewing motion of the mouth and 

provide information into the behavior of the samples. A double compression test 

is a common technique for identifying the textural characteristics of food products 

[106]. In the present study, the texture profile analysis was used to analyze the 

PSPI gels following the pH-shifting treatment using characteristics like hardness, 

adhesiveness, and cohesiveness [107]. 

Table 3.5 displayed the definition of these three parameters. Fig. 3.15 

displayed images of PSPI gels treated with pH-shifting and control PSPI gels 

(PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12). 
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Table 3.5 

The definition of parameters tested by TPA 

Parameters Definitions 

Hardness 
The force required to compress the sample was associated 

with a mechanical textural feature. 

Adhesiveness 

Force was required to remove the stuff that had stuck in the 

mouth. Between the sticky forces of the sample and the 

probe, effort is required to overcome. 

Cohesiveness 
Food deformation before breaking is connected with this 

mechanical textural property. 

 

  
Fig. 3.16 A - Hardness of control PSPI gel and pH-shifting treated PSPI 

gels (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12); B - Cohesiveness 

of control PSPI gel and pH-shifting treated PSPI gels (PSPI 2, PSPI 4, PSPI 6, 

PSPI 8, PSPI 10, and PSPI 12) 

 
Hardness is defined as the amount of force required to cause deformation 

in a product at a specific distance. The PSPI gels' hardness was depicted in Fig. 

3.16 (A). The hardness of PSPI 2, PSPI 4, PSPI 8, PSPI 10, and PSPI 12 showed 

no significant difference from that of the control, however the hardness of PSPI 6 

improved significantly. This might be because the proteins partially unfolded 

during the pH-shifting process at pH 6, exposing more active sites like free 

sulfhydryl groups, which will encourage protein-protein interaction via 

hydrophobic interactions and disulfide bridge when heated [108].  

A B 
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Cohesiveness is characterized as the ability of the gel to maintain an intact 

network structure. It is a parameter that relates the behavior of the gel during the 

initial deformation to how well it withstands a subsequent deformation. The lack 

of a change in cohesiveness values between control PSPI and PSPI samples after 

pH-shifting treatments (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12), 

as shown in Fig. 3.16 (B), may imply pH-shifting treatment can’t increase the 

cohesiveness of gels. 

 
Fig. 3.17 Adhesiveness of control PSPI gel and pH-shifting treated PSPI 

gels (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

The attractive force that must be overcome between the surface of the gel 

and the surface of the probe corresponds to the adhesiveness, which is used to 

measure the textural characteristics of gels. The adhesiveness of PSPI 2, PSPI 4, 

and PSPI 10 decreased significantly when compared to control. The lack of a 

significant difference in the adhesiveness of PSPI 6, PSPI 8, and PSPI 12 may 

suggest that pH-shifting treatment has no effect on the adhesiveness of PSPI gels. 
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3.3.3 Results of water-absorbing ability of PSPI gel 

 
Fig. 3.18 Water-absorbing ability of control PSPI gel and pH-shifting 

treated PSPI gels (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

A key indicator of a gel is its capacity to absorb water. Oilseed proteins that 

are good at absorbing water is more suitable to be ingredients for meat products 

like meatballs, sausages, and patties. The water-absorbing ability of PSPI 2, PSPI 

4, and PSPI 12 considerably decreased when compared to that of control PSPI, 

which may indicate that these gels didn't have a very compact structure, which led 

to less trapped water and a reduced water-absorbing ability [58]. 
Additionally, PSPI 6 and PSPI 8 had higher water-absorbing ability than 

that of control, indicating that these two PSPI had a better ability to bind water in 

their gels. According to certain theories, the proper pH-shifting treatment might 

reveal more protein active sites and regions, which results in a harder gel with a 

more compact structure and trapped water [58]. PSPI 8 has a water-absorbing 

capacity of 2.137 g/g. Compared to the water-absorbing ability of dry egg white 

(1.68 g/g), the higher water-absorbing ability of PSPI 6 and PSPI 8 suggest that 

they have potential uses in food products [109]. 

3.3.4 Results of water state of PSPI gels evaluated by LF-NMR 
In order to have a better understanding of the water state of PSPI gels, the 

water dynamics of PSPI gels were analyzed by LF-NMR. The T2 relaxation time 
distributions and peak area fractions of the three primary types of water were 
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presented in Table 3.6 and Fig. 3.19. There are three peaks in PSPI gels, that is 
T2b, T21, and T22 (Fig. 3.19). 

Table 3.6 
Distributions of T2 peak area fractions of control PSPI gel and pH-shifting 

treated PSPI gels (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
Fig. 3.19 Distributions of T2 relaxation times of control PSPI gel and pH-

shifting treated PSPI gels (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 

12) 

T2b represents bound water which has a strong binding ability to the 

macromolecules like proteins in PSPI gels. T21 represents the weak bound water 

which showed week binding interaction with the macromolecules. T22, which is 

T2 peak area 

fractions 
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T2b (%) 
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grouped into immobilized water, represents the immobilized water which are 

trapped at the inner part of the PSPI gels. Both T21 and T22 can be classified to 

immobilized water [110]. 

The results showed that the bound water (T2b) of PSPI 4, and PSPI 6 were 

decreased, while the bound water (T2b) of PSPI 8, PSPI 10, and PSPI 12 were 

increased. Compared to control, only the immobilized water (T21) of PSPI 6 

showed increased value, while that of PSPI 2, PSPI 4, PSPI 8, PSPI 10, and PSPI 

12 showed decreased value. The immobilized water (T22) of PSPI 6 showed 

decreased vale while that of PSPI 2, PSPI 4, PSPI 8, PSPI 10, and PSPI 12 showed 

increased value.  

As shown in Fig. 3.19, compared with that of control PSPI gel, peak area 

of the bound water (T2b) of the PSPI 6 gel decreased, which was probably because 

that part of the polar groups of protein ionized under pH 6, then part of the 

hydrogen bonding could not be formed between these ionized groups of PSPI 6 

and water [110]. The increased peak area of immobilized water (T21) of PSPI 6 

might suggest that PSPI 6 gel have more strong binding interaction with the 

macromolecules. This characteristic is benefit for adding PSPI into the sausage. 

3.4 Improving the solubility of PSPI by pH-shifting treatment 
3.4.1 Results of determining the solubility of PSPI 
Protein solubility is a crucial functional characteristic that affects a protein's 

capacity to form gels and emulsions. As presented in Fig. 3. 20, the present work 

evaluated the solubility of control PSPI and pH-shifting treated materials (PSPI 2, 

PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12). The solubility of control PSPI 

was 45.6 %. When compared to that of the control, the solubility of PSPI 2, PSPI 

4, PSPI 10, and PSPI 12 significantly decreased to 13.7, 10.8, 41.8, and 13.4 %, 

respectively. This might be because several polar groups (such as carboxyl and 

amide groups) were buried after pH-shifting treatment at pH 2, pH 4, pH 10, and 

pH 12, which reduced their capacity to interact with water [111]. It has been 

shown that the solubility of peanut protein isolates also had a lower value when 

treated at pH 2 and pH 12 [58]. 
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Fig. 3.20 Solubility of control pumpkin seed protein isolate (control PSPI) 

and pH-shifting treated pumpkin seed protein isolate samples (PSPI 2, PSPI 4, 

PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 

Additionally, there was no variation in the solubility of PSPI 6 (42.7 %) in 

this investigation, but the solubility of PSPI 8 (55.5 %) improved significantly. 

This might be the result of the van der Waals and hydrophobic contacts being 

broken during the unfolding and refolding of protein molecules [112]. Moreover, 

proteins may be in an unfolded state following alkaline or acidic treatment, side-

chain connections became weaken and conformation structure became flexible, 

resulting an improvement in protein-water interactions and solubility [56]. 

3.4.2 Results of determining the average particle size of soluble protein 
in PSPI 

Figure 3.21 displays the average soluble protein particle size in control 

PSPI and pH-shifting treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 

10, and PSPI 12). 
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Fig. 3.21 Average particle size of soluble protein in control pumpkin seed 

protein isolate (control PSPI) and pH-shifting treated pumpkin seed protein 

isolate samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
Particle size is vital for the protein solubility and emulsifying capacity. 

About the control PSPI, the average soluble protein particle size was 75.79 nm. 

While this parameter of soluble protein in PSPI 6 (75.12 nm), PSPI 8 (81.15 nm), 

and PSPI 10 (81.88 nm) showed no significant difference after pH-shifting 

treatment, while the average particle size of soluble protein in PSPI 2 (62.81 nm), 

PSPI 4 (65.92 nm), and PSPI 12 (62.17 nm) decreased significantly. The 

improvement of protein's emulsifying characteristics has been suggested to be 

facilitated by the reduction of protein particle size [58].  

3.4.3 Results of determining the zeta potential of soluble protein in 
pumpkin seed protein isolate 

Figure 3.22 displays the soluble protein zeta potential in control PSPI and 

pH-shifting treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and 

PSPI 12). 
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Fig. 3.22 Zeta potential of soluble protein in control pumpkin seed protein 

isolate (control PSPI) and pH-shifting treated pumpkin seed protein isolate 

samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
The net charge on a protein surface is reflected in the zeta potential. Strong 

electrostatic repulsion between protein molecules is indicated by a large absolute 

value of zeta potential, which helps to reduce protein aggregation [113].. Zeta 

potential of soluble proteins in PSPI 4 (-24.78), PSPI 6 (-27.35), PSPI 8 (-28.10), 

and PSPI 10 (-29.37) showed no significant difference from control PSPI (-27.10). 

But the zeta potential of soluble protein in PSPI 2 (-20.20) and PSPI 12 (-24.25) 

reduced significantly, which may be due to the pH-shifting treatment having an 

impact on the equilibrium between positively and negatively charged groups 

[114]. 

3.4.4 Results of determining abundant change of the soluble protein 
bands of pumpkin seed protein isolate 

The insoluble protein in pumpkin seed protein isolate (PSPI) was removed 

by centrifugation prior to electrophoretic analysis. The number of protein bands 

was displayed on Fig. 3.23. The protein content of the bands is shown by the color 

intensity. The darker the color, the more abundant the protein is. In SDS-PAGE, 

the protein markers, which are displayed in the first lane of Fig. 3.23 below, 
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showed the molecular weight (MW) of the protein bands.  

 
Fig. 3.23 Electrophoretic analysis of soluble protein in control pumpkin 

seed protein isolate and pH-shifting treated pumpkin seed protein isolate 

samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

The electrophoresis method known as sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) is frequently used to separate 

proteins and oligonucleotides. The main distribution where the molecular weight 

of the protein bands of the control PSPI located were about 55, 33, 25, 20, and 15 

kDa. According to the solubility analysis in Fig. 3.20, the abundance of the protein 

bands of PSPI 2, PSPI 4, PSPI 10, and PSPI 12 clearly decreased when compared 

to that of control, whereas the abundance of the protein bands of PSPI 8 appeared 

to be improved. The result showed that pH-shifting treatment improves the 

solubility of protein bands with molecular weights of approximately 33 and 25 

kDa. 
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3.5 Improving the emulsifying properties of PSPI by pH-shifting 
treatment 

3.5.1 Thermal properties of PSPI 

 
Fig. 3.24 DSC thermograms of control PSPI and pH-shifting treated PSPI 

samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10 and PSPI 12) 

 
Differential scanning calorimetry (DSC) is a classical method to investigate 

the thermal properties of starch and proteins. The DSC curve showed the thermal 

characteristics of proteins. Under regulated heating rate conditions, the area under 

the endothermic peak is used to monitor the transformed proportion, which 

represents the enthalpy change (△H), while the endothermic denaturation peak 

(Tp) reflects the thermal stability of samples [78]. In order to determine the impact 

of pH-shifting on protein stability, DSC analysis was carried out on control PSPI 

and treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12). 

These samples' enthalpy change (△H) and endothermic denaturation peak (Tp) 

were calculated. 
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Table 3.7 

Endothermic denaturation peak (Tp) and enthalpy change (△H) of native 

PSPI (control) and PSPIs after pH-shifting treatment (PSPI 2, PSPI 4, PSPI 6, 

PSPI 8, PSPI 10, and PSPI 12) 

Treatment 
PSPI 

Tp (°C) △H (J/g) 

Peak 1 

Control 87.67±0.95 a 1.66±0.023 bc 

PSPI 2 87.78±0.15 a 0.13±0.12 c 

PSPI 6 87.81±1.01 a 2.87±1.62 b 

PSPI 8 87.87±0.21 a 0.37±0.22 c 

PSPI 10 87.33±0.32 a 14.44±1.69 a 

Peak 2 

PSPI 4 97.01±2.88 b 3.79±0.78 b 

PSPI 8 98.09±1.12 b 0.06±0.032 a 

Peak 3 

Control 104.11±0.56 c 0.37±0.18 a 

PSPI 2 102.47±0.83 c 0.61±0.028 a 

Note: Values with different letters in same column are significantly 

different (p < 0.05). 

As shown in Fig. 3.24 and Table 3.7, control PSPI, PSPI 2, PSPI 6, PSPI 8, 

and PSPI 10 displayed endothermic denaturation peaks at 87.67, 87.78, 87.81, 

87.87, and 87.33 °C, respectively, with no significant difference. There was no 

significant difference in the endothermic denaturation peaks of the control PSPI 

(104.11 °C) and PSPI 2 (102.47 °C), respectively. Additionally, there was no 

significant difference between the endothermic denaturation peaks of PSPI 4 

(97.01 °C) and PSPI 8 (98.09 °C). 

12S globulin and 2S albumin are the two main protein components of 

pumpkin seed protein [97]. Together, these two fractions account for 59 % of total 

crude protein content of pumpkin seed. The control PSPI displayed two distinct 
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endothermic at 87.67 and 102.47 °C transitions in this investigation, it's possible 

that globulin and albumin in PSPI were responsible for these two endothermic 

changes. According to the reports, moisture content, heating rate, NaCl 

concentration, and pH-shifting treatment have an impact on the endothermic 

transition temperatures of soybean proteins [78; 115; 116]. The endothermic 

transitions of PSPI 4 and PSPI 8 were considerably different from those of control 

PSPI (87.67 and 102.47 °C), indicating that a pH-shifting treatment at a particular 

pH value might influence PSPI's transition temperatures. 

The PSPI 2, PSPI 6, and PSPI 8 showed no significant enthalpy change at 

the peak temperature of around 87 °C, however PSPI 10 showed an enhanced 

enthalpy change in comparison to that of control, indicating a stabilizing impact 

of pH-shifting treatment at pH 10. Because the degeneration enthalpy can show 

the total energy required to break the intramolecular force/bond, the interaction 

between PSPI's hydrophobic groups and hydrogen bonds may become a more 

important stabilizing element under pH-shifting treatment at a certain pH [115]. 

In addition, PSPI 4 demonstrated a lower enthalpy change than PSPI 8 at the peak 

temperature around 97 °C to 98 °C. PSPI 2 demonstrated no significant value of 

enthalpy change at the peak temperatures of 102 °C and 104 °C. 

Disulfide bonds and free sulfhydryl groups are significant functional 

groups that contribute significantly to the functional properties of proteins. 

Disulfide bonds are commonly used in cross-linking mercantile proteins, which 

can shield them from severe environmental damage and be used in food 

production processes [117]. Fig. 3.25 displays the amounts of free sulfhydryl 

groups and disulfide bonds in the control and pH-shifting treated PSPI samples 

(PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12). The free sulfhydryl group 

content of the control PSPI was 3.93 µmol/g, whereas this indicator was 

significantly influenced in all pH-shifting treated samples (PSPI 2, PSPI 4, PSPI 

6, PSPI 8, PSPI 10, and PSPI 12), which might be a result of protein unfolding 

process during pH-shifting treatment.  
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3.5.2 Disulfide bond contents and free sulfhydryl group contents of 
PSPI  

 
Fig. 3.25 Disulfide bond contents and free sulfhydryl group contents of 

control PSPI and pH-shifting treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, 

PSPI 8, PSPI 10, and PSPI 12) 

 

Moreover, the sulfhydryl group played a role in the development of protein 

secondary and tertiary structures; as a result, their modification may indicate 

certain degree of protein denaturation [118]. In this investigation, the control PSPI 

had free sulfhydryl groups and disulfide bond content of 3.93 and 8.57 μmol/g, 



89  

respectively. The free sulfhydryl group contents of pH-shifting treated samples 

(PSPI 6, PSPI 8, and PSPI 10) increased by 58.21, 41.68, and 46.78%, 

respectively, possibly because the pH-shifting treatment exposed more sulfhydryl 

groups outside the protein during the protein unfolding process, which was 

consistent with the reduced disulfide bond contents of PSPI 6, PSPI 8, and PSPI 

10. 

The disulfide bond contents of PSPI 2, PSPI 4, and PSPI 12 significantly 

improved by 7.46, 9.28, and 5.01 %, respectively, while the free sulfhydryl group 

contents reduced by 36.69, 44.39, and 29.11 %, suggesting that the increased 

disulfide bond contents may be caused by SH oxidation into disulfide bonds or 

SH/S-S interchange reactions that contribute to disulfide bonds [59]. In a prior 

study, it was found that pH-shifting treatment either individually or in 

combination with ultrasonication, the EAI and ESI of soybean protein isolate 

exhibited a positive connection with the amount of disulfide bonds [119]. It was 

also discovered that PSPI samples (PSPI 2, PSPI 4, and PSPI 12) with high EAI 

and ESI (Fig. 3.31) contained more disulfide bond contents and low free 

sulfhydryl group contents when compared to those of the control. 

Protein solubility, emulsifying ability, and gel characteristics are all 

connected with surface hydrophobicity, which is defined by the amount of 

hydrophobic amino acid residues [120]. Fig. 3.26 demonstrates that the control 

PSPI (21460.71) and PSPI 6 (23066.90) had no significant difference in surface 

hydrophobicity. Moreover, the surface hydrophobicity (32831.03) of PSPI 8 

improved significantly, indicating that more hydrophobic groups were exposed 

on its surface. The surface hydrophobicity of PSPI 2, PSPI 4, PSPI 10, and PSPI 

12 reduced by 11.74, 86.22, 11.19, and 53.52 %, respectively. 
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3.5.3 Surface hydrophobicity of PSPI 

 
Fig. 3.26 Surface hydrophobicity of control PSPI and pH-shifting treated 

PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
When the pH was close to the isoelectric point (pH 4.5), it showed the 

lowest value (2957.80), which may have been due to hydrophobic groups being 

buried inside the protein as a result of protein aggregation close to the isoelectric 

point. Although Zhang et al. demonstrated a strong correlation between surface 

hydrophobicity and the emulsifying abilities of a peanut protein isolate treated by 

ultrasonic pretreatment [121]. Paraman et al. demonstrated that hydrophobicity 

was not a reliable parameter of protein solubility and emulsifying abilities of 

enzyme-modified rice endosperm protein [122]. Surface hydrophobicity and 

emulsifying abilities were not correlated in this study. 
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3.5.4 Fluorescence intensity of PSPI 

 
Fig. 3.27 The fluorescence intensity of control PSPI and pH-shifting 

treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10 and PSPI 12) 

 
Due to the presence of tryptophan and tyrosine residues in proteins, 

intrinsic fluorescence spectroscopy of proteins is frequently used to detect 

secondary structural modifications [112]. The control PSPI showed the maximum 

emission wavelength (λmax) of 365.0 nm, which is depicted in Fig. 3.27. which 

suggest that an increase in the nonpolarity of the microenvironment around the 

tryptophan residue. The λmax of PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12 

exhibited declined (blue shift) values (361.4, 354.8, 358.2, 357.4 and 358.2 nm, 

respectively). Only λmax of PSPI 2 improved significantly (red shift), possibly as 

a result of the change in tertiary conformation and the exposure of tryptophan and 

tyrosine residues to the polar microenvironment [123]. 

The control PSPI had a fluorescence intensity of 2879. The pH-shifting 

treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 
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showed a reduction in fluorescence intensities by 72.41, 74.31, 26.50, 26.09, 

31.05, and 80.37%, respectively. This is in line with research on peanut protein 

isolate, which revealed reduced fluorescence intensities following pH-shifting 

treatment at pH 2, 4, 10, and 12 [58]. 

 
3.5.5 Particle size of PSPI 
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Fig. 3.28 Particle size distributions of control PSPI and pH-shifting 

treated PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 
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Fig. 3.29 Specific surface areas of control PSPI and pH-shifting treated 

PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, and PSPI 12) 

 
One of the particle's most crucial physical features is its size. Fig. 3.28 and 

3.29, respectively, depict the effects of pH-shifting treatment on the particle size 

distributions and particle surface areas of PSPI samples. The size of the powder 

particles is determined by the specific surface area; the smaller the specific surface 

area, the larger the powder particles [124; 125]. In a prior investigation, it was 

discovered that the pH-shifting treatment at pH 2, 4, and 12 significantly could 

increase the average particle sizes of peanut protein isolate [58]. As compared to 

that of the control (155.60), the specific surface areas of PSPI 2, PSPI 6, PSPI 8, 

and PSPI 10 were increased by 31.15, 29.67, 36.98, and 21.25 %, respectively, 

suggesting they have smaller particle sizes. 

The pH-shifting treatment at pH 4 and 12 did not significantly affect the 

particle sizes of the PSPI samples, as shown by the specific surface areas of PSPI 

4 (171.17) and PSPI 12 (154.60), respectively. The emulsifying abilities of PSPI 

6, PSPI 8, and PSPI 10 were not changed from those of the control PSPI, while  
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the emulsifying abilities of PSPI 2, PSPI 4, and PSPI 12 exhibited higher values 

(Fig. 3.31). The change patterns of the emulsifying properties and powder particle 

sizes of the PSPI samples indicated that the emulsifying properties of PSPI had 

no direct interaction with the powder particle sizes. 

3.5.6 SEM photographs of PSPI 

 
Fig. 3.30 SEM photographs of control PSPI and pH-shifting treated PSPI 

at 250-fold magnification (a) and 1500-fold magnification (b) 

The functional characteristics of a protein are determined by its 

microstructure, which represents the aggregation of its components [126]. To 

further assess the possibility of protein aggregation caused by the pH-shifting 

process, the surface morphologies of control and treated PSPI samples were 

observed using SEM plots at 250-fold and 1500-fold magnifications (Fig. 3.30). 

The particle sizes of control, PSPI 2, PSPI 4, and PSPI 12 displayed larger and 

more irregular structures in comparison to those of PSPI 6, PSPI 8, and PSPI 10, 

according to the magnified SEM images at 250-fold magnification (Fig. 3.30 a). 

With the exception of PSPI 2, this result was essentially in line with the 

particle size analysis performed by the BT-2001 Laser particle size analyzer (Figs. 
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3.28 and 3.29). The PSPI 2, PSPI 4, and PSPI 6 powders had relatively rough 

surfaces compared to control PSPI, PSPI 8, PSPI 10, and PSPI 12, according to 

the magnified SEM images at 1500-fold magnification (Fig. 3.30 b). These 

findings further demonstrated that there was no positive or negative relationship 

between changes in PSPI sample particle sizes and changes of their emulsifying 

abilities. 

However, as showed in Fig. 3.21, PSPI 2, PSPI 4, and PSPI 12 had smaller 

average soluble protein particle sizes than that of control PSPI, but the average 

soluble protein particle sizes of PSPI 6, PSPI 8, and PSPI 10 did not change from 

that of control PSPI. This finding revealed that the smaller particle size of soluble 

protein in PSPI samples may have contributed to the higher value of their 

emulsifying activities. Additionally, after pH-shifting treatment at pH 2 and 12, 

the zeta potential of soluble protein in PSPI 2 and PSPI 12 reduced significantly 

(Fig. 3.22), indicating a decreased electrostatic repulsion between protein 

molecules and leading to an increase in protein aggregation. 

3.5.7 Emulsifying ability and emulsifying stability of PSPI 
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Fig. 3.31 Emulsifying properties of control PSPI and pH-shifting treated 

PSPI samples (PSPI 2, PSPI 4, PSPI 6, PSPI 8, PSPI 10, PSPI 12) 

Emulsification is a crucial functional character to maintain the emulsion 
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stability of emulsion-based food items [127]. EAI reflects a protein's capacity to 

promote emulsion formation and stabilization, while ESI reflects a protein's 

capacity to offer protection over time against structural changes (such as 

coalescence, emulsification, flocculation, or precipitation) [128]. The EAI and 

ESI of the control PSPI in the current investigation were 1.58 m2/g and 16.12 min, 

respectively. After pH-shifting treatment, the EAI of PSPI 2, PSPI 4, and PSPI 12 

rose by 205.84, 298.98, and 288.69%, respectively, while the ESI of these three 

samples rose by 42.32, 67.58, and 40.87%, respectively. 

However, there was no significant difference for the EAI and ESI of PSPI 6, 

PSPI 8, and PSPI 10, as compared to the control PSPI. This is in line with research 

on soybean protein isolate, which demonstrated that more surface-active and more 

capable of stabilizing emulsion droplets of soybean protein isolate were formed 

than that of control after pH-shifting treatment at extremely low pH (1.5) or high 

pH (12.0) [56]. Extreme pH-shifting treatment has been shown to enhance the 

emulsifying capacity of egg white protein, and the emulsifying capacity of egg 

white protein treated at pH 13 showed the highest stability of oxidation, heat, and 

salt [129]. 

3.5.8. Microbiological and toxicological indicators of pumpkin seed meal 
protein isolate 

Since protein isolates from pumpkin seed meal are products with a long shelf 

life (up to 3 years), one of the most important factors affecting their quality is the 

ability to maintain their microbiological and toxicological characteristics during 

the entire storage period. 

Protein isolates must meet the requirements established in the technical 

conditions and be produced in accordance with the requirements of the 

technological instructions in compliance with the sanitary rules and norms 

approved at the enterprise in the established order. Therefore, the study of the 

microbiological state of the protein isolate from pumpkin seed meal is important. 

To conduct the experiment, samples of protein isolate from pumpkin seed 

meal were prepared according to the developed technological scheme. 
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The concentration of toxic elements in the protein isolate from pumpkin seed 

meal during the three-month storage period remained at the same level as before 

the beginning of storage, which is indicated in Table 3.8. 

Food safety indicators (microbiological indicators) of protein isolate from 

pumpkin seed meal are shown in Table 3.9. 

Table 3.8 

The content of toxic elements and mycotoxins in protein isolate from 

pumpkin seed meal 

Name of toxic elements Limit values Storage period: 3 months 

Toxic elements, mg/kg 

mercury 0,03 0,01 

arsenic 1,0 0,2 

copper 30,0 10,0 

lead 1,0 0,1 

cadmium 0,1 0,02 

Mycotoxins, mg/kg 

aflatoxin B1 0,005 0,001 

zearalenone 1,0 0,1 

 

Table 3.9 

Microbiological indicators of protein isolate from pumpkin seed meal 

Name of indicators Limit values 
Storage period: 

3 months 

1 2 3 

The number of mesophilic aerobic and 

facultative anaerobic microorganisms, 

CFU in 1 g 

5×104 1×103 

Bacteria of the group of coliforms 

(coliforms) in 0.1 g 
Not allowed Not found 
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continuation of Table 3.9 
1 2 3 

Pathogenic microorganisms, in 

particular bacteria of the genus 

Salmonella, in 25 g 

Not allowed Not found 

Moldy mushrooms, CFU in 1 g 1×102 0,1×102 

Yeast, CFU in 1 g 1×102 0,1×102 

 

The study of microbiological parameters of the protein isolate from pumpkin 

seed meal during storage showed that bacteria of the group of coliforms, as well 

as pathogenic microflora in the protein isolate from pumpkin seed meal were not 

identified. The number of mesophilic aerobic and facultative anaerobic 

microorganisms in the protein isolate from pumpkin seed meal slightly increased 

over time during storage, but according to the level of this indicator, after 3 

months of storage, the protein isolate met the sanitary-epidemiological and 

hygienic requirements. 

Thus, safety indicators were studied during 3 months of storage. Based on the 

obtained data, it was established that protein isolate from pumpkin seed meal can 

be stored at a temperature of 18°C for 3 months. Insignificant values of 

microbiological and toxicological indicators confirm the effectiveness of storage 

at a temperature of 18°C and create prerequisites for confirming the maximum 

storage terms of protein isolate from pumpkin seed meal. 

Conclusions of Section 3 
1. Comparing the functional characteristics of PEPI, PSPI, SUPI, and SOPI 

revealed that PSPI had the largest oil-absorbing capacity and the quickest wetting 

time, making it a potential food additive. According to research of using the 

response surface method, the best conditions for extracting PSPI are 456 W of 

ultrasonic power, 22 minutes of ultrasonic time, and 27 mg/L for the liquid to 

solid ratio, with a maximum protein yield of 81.86 g/100 g. 

2. The solubility of PSPI after pH-shifting treatment was determined by 

indexes of the solubility value, the average particle size and zeta potential, as well 
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as abundant change of the soluble protein. According to the results, the solubility 

of PSPI 8 was 21.7 percent higher than that of the control. However, the zeta 

potential and the average particle size of the soluble protein in PSPI 8 did not 

differ significantly. According to the SDS-PAGE examination, the enhanced 

amount of soluble protein bands at 33 kDa and 25 kDa of PSPI 8 were detected. 

PSPI 8 has the optimal solubility, which is crucial for its use in the food products. 

3. The indications of water-absorbing capacity, texture analysis, and water 

state of LF-NMR were used to investigate the gel characteristics of PSPI after pH-

shifting treatment. The outcomes demonstrated that PSPI 6 and PSPI 8 

significantly enhanced their capacity to absorb water. While the cohesiveness of 

all pH-shifting treated PSPI samples showed no significant change from control, 

the hardness of PSPI 6 also exhibited a significantly improved value. According 

to LF-NMR analysis of the water dynamics of PSPI gels, PSPI 6 had the largest 

total amounts of bound water (T2b) and weakly bound water (T21). According to 

these findings, PSPI 6 has the best gel characteristic. 

4. The emulsifying capabilities of PSPI after pH-shifting treatment were 

detected. The thermal property and protein structural changes of PSPI were also 

carried out to further explore the potential causes of emulsification alterations 

caused by pH-shifting treatment. According to a differential scanning calorimetry 

analysis (DSC), all pH-shifting treated PSPI samples, with the exception of PSPI 

2, revealed a significantly change in denaturation temperatures and enthalpies. 

According to the protein structural study, PSPI 2, PSPI 4, and PSPI 12 increased 

disulfide bond contents by 7.46, 9.28, and 5.01 %, respectively, and the free 

sulfhydryl group contents of these three samples reduced by 36.69, 44.39, and 

29.11%, respectively, showing that the increased disulfide bond contents and 

decreased free sulfhydryl group contents of PSPI 2, PSPI 4, and PSPI 12 might 

be related to the improved emulsifying properties. The emulsion stability 

indicators of of PSPI 2, PSPI 4, and PSPI 12 improved by 42.32, 67.58, and 

40.87 %, respectively, whereas the emulsifying activity indicators of these three 

samples improved by 205.84, 298.98, and 288.69%, respectively. In sum, PSPI 2, 
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PSPI 4, and PSPI 12 have the best emulsifying properties. 

5. According to the results of solubility, gel properties and emulsifying 

properties of PSPIs treated after pH-shifting treatment, the PSPI 6 was chosen to 

apply to the technology of pumpkin seed protein isolate sausage based on the 

solubility, gel characteristics, and emulsifying qualities of PSPIs treated after pH-

shifting treatment. 
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SECTION 4 TECHNOLOGIES OF BISCUITS WITH THE 

ADDITION OF PUMPKIN SEED MEAL AND MEAT PRODUCTS 

WITH THE ADDITION OF PUMPKIN SEED PROTEIN ISOLATE 
4.1 The technology of pumpkin seed meal biscuits 
The research of biscuits was carried out at Hezhou University in China, 

Sumy National Agricultural University in Ukraine, the results of experiments are 

confirmed by relevant research protocols. Research protocols are given in the 

Addition A. "Protocols of experimental data". Degustation of biscuits with the 

addition of pumpkin seed meal protein isolate was carried out at Hezhou 

University in China. Degustation results were recorded in the relevant degustation 

protocols. Degustation protocols are given in the Addition B. "Degustation 

certificates". 

4.1.1 Basic composition analysis of the pumpkin seed meal 
Table 4.1 

Basic composition analysis of the pumpkin seed meal 
Components Pumpkin seed meal 

Protein (%) 50.91 

Fat (%) 11.29 

Water (%) 8.44 

 

As can be seen from Table 4.1, the protein, fat, and water content in the 

pumpkin seed meal are 50.91%, 11.29%, 8.44%, respectively. 

4.1.2 Results of the effect of the addition ratio of low-gluten wheat 
powder, pumpkin seed meal powder, and konjac powder on the biscuits’ 

quality 
Texture profile analysis (TPA), also referred to as "two bite tests," can 

mimic the chewing motion of the mouth and provide insight into the behavior of 

the samples. A twofold compression test is a common technique for identifying 

the textural characteristics of food products [130]. The analysis of the texture 

profile was used in this work to determine the hardness parameter. The quality of 

the biscuits was determined using the organoleptic analysis (Table 4.2). 
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Table 4.2 
Sensory score table 

Items Evaluation standards Score 

1 2 3 

Shape 

Biscuits have a fairly complete form, a clearly appearance, 

and a consistent thickness. There is no shrinking, distortion, 

foaming, or concave bottom. The fracture surface is stratified 

or porous without large holes. 

16~20 

Shape 

The form, the decoration, and the thickness of biscuits are all 

relatively complete and uniform. The biscuits have no 

distortion, foaming, or bottom concavity. The fracture 

surface has significant pores and is generally layered. 

8~15 

Biscuits lack uniform thickness, clearly appearance and 

uniform thickness. There is contraction as well as 

deformation. There are visible concave bottom parts that are 

devoid of layers and have larger holes. 

0~7 

Color 

The color of biscuits is golden yellow or brown yellow. 

There are no brown or white spots on the surface of the 

biscuits, and the color is essentially homogeneous. 

16~20 

The color of biscuits is golden yellow or brown yellow. 

There are a few brown or white spots, and the color is 

basically homogeneous. 

8~15 

The color of biscuits is golden yellow or brown yellow. 

There are brown or white spots, and the color is not 

homogeneous. 

0~7 

Smell 

The aroma of biscuits is strong, with mild pumpkin seed 

fragrance, no unpleasantly smell. 
22~30 

The aroma of biscuits is not strong with mild pumpkin seed 

fragrance, and no offensive odour. 
8~21 

The aroma of biscuits have no pumpkin seed fragrance. 0~7 
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continuation of Table 4.2 

1 2 3 

Flavor 

The sweetness of biscuits is appropriate. The biscuits are 

crisp. They don't stick to teeth, either. There are no impure 

substances exist in biscuits. 

22~30 

The sweetness of biscuits is not appropriate. The biscuits are 

less crisp. They don't stick to teeth, either. There are no 

impure substances exist in biscuits. 

8~21 

Flavor 

Biscuits taste less sweet or overly sweet. The taste is 

excessively tough. They stick to teeth easily. There is a few 

impurity chemicals present. 

0~7 

 

In Table 4.2, the features of biscuits were presented. Ten qualified 

individuals worked as sensory evaluators. The grade of the shape, color, smell, 

and flavor of each single factor experiment and orthogonal test were examined in 

accordance with the sensory score table. The experiment received a total sensory 

score of 100 points. Shape, color, scent, and flavor receive comprise 20, 20, 30, 

and 30 points, respectively. The greater the overall sensory score, the better the 

biscuits each experiment produced. 

The three primary ingredients (low-gluten wheat flour, pumpkin seed meal 

powder, and konjac powder) have a significant influence on the biscuits' quality, 

as can be shown in Fig. 4.1. When low-gluten flour, pumpkin seed meal powder, 

and konjac powder were added in a ratio of 2:2:1, or low-gluten flour at 40%, 

pumpkin seed meal powder at 40 %, and konjac powder at 20 %, the sensory score 

of the product displayed the lowest value among the five experimental levels, and 

the hardness showed the highest value. The amount of low-gluten powder and 

pumpkin seed meal powder in the dough was relatively high at this ratio, the 

gluten network in the dough was dense, and the taste was relatively hard [131].   
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Fig. 4.1 The effect of the addition ratio of low-gluten wheat powder, 

pumpkin seed meal powder, and konjac powder on the biscuits’ quality 
 

Comparatively to the addition ratio of 2: 1, the sensory ratings were higher 

when the addition ratio was 1.5: 2: 1.5 and 1: 2: 1. With addition ratios of 2: 1: 1, 

1.5: 2: 1.5, and 1: 2: 1, the mixture had a comparatively high amount of pumpkin 

seed meal powder. The highest level of the sensory score was attained with an 

addition ratio of 2: 1: 1. The biscuits' hardness was lowest at this ratio, and their 

flavor is appropriate and well-balanced. The sensory score was quite low when 

the formula ratio is 1: 1: 1, namely low-gluten wheat flour of 33.3 %, pumpkin 

seed meal powder of 33.3 %, and konjac powder of 33.3 %. As a result, orthogonal 

experiments were conducted using the addition ratios of low-gluten wheat powder, 

pumpkin seed meal, and konjac powder of 1:2:1, 2:2:1, and 2:1:1.  

4.1.3 Results of the effect of the addition ratio of plant oil and butter 
on the biscuits’ quality 

As shown in Fig. 4.2, the total amount of plant oil and butter was 16%, 

which remained constant throughout all levels. The sensory score of the biscuit 

increased as the amount of plant oil reduced from 8 % to 4 %. When plant oil and 

butter were added in proportions of 4 % and 12 %, the biscuits' hardness and 
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crispiness increased, the biscuits had a significantly sensory score with loose 

texture, smooth and bright surface. 

 
Fig. 4.2 The effect of the addition ratio of plant oil and butter on the 

biscuits’ quality 
 

The sensory score showed reduced value when the amount of plant oil 

reduced from 4 % to 0 % and the amount of butter increased from 12 % to 16 %. 

When the butter content exceeded 12 %, the flavor was significantly greasy. The 

plant oil amounts of 6 %, 4 %, and 2 % (along with butter amounts of 10 %, 12 %, 

and 14 %) were chosen for orthogonal tests. 

4.1.4 Results of the effect of the addition of maltitol on the biscuits’ 

quality 
The sensory score increased when the amount of maltitol increased from 15 % 

to 20 %, as presented in Fig. 4.3. The biscuit had a comparatively less sweet flavor 

when maltitol addition was less than 20 %, the biscuit had relatively less sweet 

taste, thus the taste showed a little bit bitter and sensory score was relatively low. 
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Fig. 4.3 The effect of the addition amount of maltitol on the biscuits’ 

quality 
 

The addition of maltitol would also make the dough tough, which could 

influence the flavor. The sweetness flavor and the bitter taste blended well 

together when the addition amount of maltitol was 20 %, of which the sensory 

score was the highest. When the maltitol content exceeded 20 %, the biscuit was 

too sweet and greasier. 

 

4.1.5 Results of orthogonal test 
The result of the orthogonal test was displayed in Table 4.3. The factor 

priority of each factor on the biscuits' sensory score was determined. The findings 

demonstrated that addition ratio of low-gluten wheat powder, pumpkin seed meal, 

and konjac powder (A) had a greater impact on the sensory score of the biscuits, 

followed by maltitol (B) as well as plant oil and butter (C). 
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Table 4.3 

Results of orthogonal test 

No. A Blank B C Hardness/g 
Sensory 

score 

1 1 1 1 1 18432.49 86.3 

2 1 2 2 2 17166.90 84 

3 1 3 3 3 10119.40 87.3 

4 2 1 2 3 15623.96 84.7 

5 2 2 3 1 4925.87 85.3 

6 2 3 1 2 12733.80 84 

7 3 1 3 2 26294.74 86 

8 3 2 1 3 15704.07 87 

9 3 3 2 1 12593.94 88 

K1 257.6 257 257.3 259.6 - - 

K2 24 26.3 256.7 254 - - 

K3 261 259.3 258.6 259 - - 

R 7 3 1.9 5.6 - - 

Factor Priority A C B 

Optimal combination A3C1B3 

 

The best formula was A3C1B3. Based on the formula, the addition ratio of 

low-gluten wheat powder, pumpkin seed meal, and konjac powder was 2:1:1. The 

amounts of butter and plant oil were 2 % and 14 %, respectively. Additionally, 

the amount of maltitol was 20 %. The confirmation experiment revealed that the 

sensory score for the optima formula was 89.3, demonstrating the reliability of 

the result. Under this formulation condition, the biscuits have a crunchy flavor 

and a mild pumpkin seed flavor. 
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4.1.6 Results of the nutritional indicators of pumpkin seed meal 
biscuits 

The contents of protein, fat, ash, total carbohydrate, and water in pumpkin 

seed meal biscuit were analyzed, which was showed in Table 4.4. 

Table 4.4 

Nutritional indicators 

Items 

Biscuits (with 

addition of PSM, 

g/100 g 

Biscuits (without 

addition of PSM, 

g/100 g 

Danisa Butter 

Cookies, 
g/100 g 

Protein 20.4 19.5 6.2 

Fat 18.0 18.6 24.3 

Ash 1.8 1.7 - 

Available 

carbohydrate 
40.1 41.9 - 

Dietary fiber 19.1 18.3 - 

Total Carbohydrate 59.2 60.2 66.2 

Water 0.6 0.6 - 

 

The results showed that compared to biscuits without the addition of 

pumpkin seed meal, biscuits with the addition of pumpkin seed meal had higher 

protein content (20.4 %), lower fat content (18.0 %), and lower carbohydrate 

content (59.2 %, including dietary fiber about 19.1 % and available carbohydrate 

about 40.1 %). Additionally, the biscuits added with pumpkin seed meal were 

healthier than the well-known Danisa Butter Cookies biscuits since they had more 

protein and less fat. The biscuits had a dietary fiber level higher than 6 g/100 g 

(solid), which is considered rich in dietary fiber in accordance with the GB 28050-

2011 National Standard for Food Safety Prepackaged Food Nutrition Labeling 

General Rules of China. The 19.1 g/100 g dietary fiber content of the biscuits we 

obtained is much higher than the 6 g/100 g level.  
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Table 4.5 

Minerals of pumpkin seed meal biscuits 

Minerals 

Na (mg/100g) 320±4.69 

P (mg/100g) 97±2.18 

Ca (mg/100g) 356±6.91 

Mg (mg/100g) 27±1.14 

K (mg/100g) 152±1.63 

Fe (mg/100g) 0.9±0.17 

Zn (mg/100g) 0.82±0.11 

Mg (mg/100g) 0.58±0.28 

Cu (mg/100g) 0.026±0.0042 

 

The minerals needed by the human body are the inorganic substances in the 

composition of the human body (such as bone, teeth, hair, muscle, blood, etc.). 

They are the elements that regulate the physiological functions (pH and osmotic 

pressure of body fluids). The minerals include microminerals and trace elements. 

The microminerals of Na, P, Ca, Mg, as well as K and their contents detected in 

in pumpkin seed meal biscuits were 320, 97, 356, 27, and 152 mg/100 g 

respectively. The trace elements of Fe, Zn, Mn as well as Cu, and their contents 

in biscuits were 0.9, 0.82, 0.58 and 0.026 mg/100 g, respectively, which suggested 

that the pumpkin seed meal biscuits can provide the body with certain mineral 

elements. 

4.1.7 The GI value and digestive property of pumpkin seed meal 
biscuits 

The GI value of food can be utilized as an efficient indication of food 

triggering a human postprandial blood glucose response because it can more 

closely reflect the physiological state of human blood glucose changes after food 

intake. The postprandial blood sugar was measured using a portable glucose meter. 



110  

 
Fig. 4.4 Blood sugar curve 

 
Fig. 4.4 depicts the postprandial blood glucose curves following 

consumption of 40 g of accessible carbohydrate from pumpkin seed meal biscuits 

and 40 g of glucose. Among the findings before 90 min, the glucose intake curve 

was steeper and higher than that of the biscuits added with pumpkin seed meal. 

The curve for ingesting glucose also decreased to a lower value than that of 

pumpkin seed meal after 90 minutes. The biscuits added with pumpkin seed meal 

had a GI vale of 40.5. 

Table 4.6  

Digestive characteristics of pumpkin seed meal biscuits 
Starch 

digestion 

rate 

10 

min 

20 

min 

30 

min 

60 

min 

90 

min 

120 

min 

150 

min 

180 

min 

Control 

(%) 

23.94

±2.79 

33.58

±3.37 

56.29

±3.82 

62.36

±2.34 

76.88

±3.47 

78.21

±2.33 

78.33

±3.28 

78.91

±3.54 

Biscuits 

(%) 

6.52 

±1.23 

17.37

±2.22 

21.45

±2.53 

26.39

±3.57 

38.47

±2.38 

41.66

±3.59 

42.12

±3.58 

43.35

±2.31 
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As can be seen from Table 4.6, the hydrolysis rate of control group and 

pumpkin seed meal biscuits increased rapidly from 0 to 30 min. The hydrolysis 

rate of pumpkin seed meal biscuits increased from 90 to 180 min, and the 

hydrolysis rate was 43.35 % at 180 min. However, the hydrolysis rate of the 

control group increased more slowly than that of pumpkin seed meal biscuits, 

which reached 78.91% at 180 min. The difference between the control group and 

pumpkin seed meal biscuits might be resulted of the addition pumpkin seed meal 

provide more dietary fiber, which formed a network structure and limited the 

digestion of pumpkin seed meal biscuits. 

4.1.8 Heavy elements, radioactive elements, and microbiological 
analysis of pumpkin seed meal biscuits 

Table 4.7 

Heavy elements, radioactive elements, and microbiological analysis of 
pumpkin seed meal biscuits 

Heavy elements 

Pb (mg/kg) 0.017±0.0076 

As (mg/kg) 0.021±0.011 

Cd (mg/kg) 0.0021±0.0011 

Hg (mg/kg) 0.0028±0.0013 

Radioactive elements 

Cs-137 Not detected 

Sr-90 Not detected 

Microbiological analysis 

Total microbial population (CFU/g) 21 

Staphylococcus aureus count (CFU/g) Not detected 

 

The heavy elements of Pb, As, Cd and Hg were 0.017, 0.021, 0.0021, and 

0.0028 mg/kg, respectively. The radioactive elements like Cs-137 and Sr-90 were 

not detected. The total number of bacterial colonies was 21 CFU/g and the 

Staphylococcus aureus was not detected. This result meets the requirements of the 
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National food safety standards. 

4.2 Study on pumpkin seed protein isolate meat product 
The research of meat products was carried out at Hezhou University in 

China, Sumy National Agricultural University in Ukraine, the results of 

experiments are confirmed by relevant research protocols. Research protocols are 

given in the addition A. "Protocols of experimental data". Degustation of meat 

products with the addition of pumpkin seed meal protein isolate was carried out 

at Hezhou University in China. Degustation results were recorded in the relevant 

degustation protocols. Degustation protocols are given in the Addition B. 

"Degustation certificates". 

 

4.2.1 The effect of pumpkin seed protein isolates on the quality of meat 
product 

 
Fig. 4.5 Effect of pumpkin seed protein isolates on the quality of meat 

product 
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When oilseed meal proteins applied practically, the large percentage of 

oilseed meal proteins utilized in meat products would result in a loss in water 

absorption, soft quality structures, poor cohesiveness, and so on. As a result, the 

amount of pumpkin seed protein isolate was kept to a minimum in this experiment. 

As depicted in Fig. 4.5, the addition of 0.75 g/100 g of pumpkin seed protein 

isolate resulted in the maximum level of sausage hardness, while 3.75 g/100 g 

resulted in the lowest degree of sausage hardness. When the addition value of 

pumpkin seed protein isolates increased from 0.75 to 2.25 g/100 g, the sensory 

score displayed improved value. Due to the presence of bitter peptides, the 

sensory value of the sausages dropped as a result of the increased pumpkin seed 

protein isolates from 2.25 to 3.75 g/100 g, which caused them bitter taste. The 

average sensory score reached highest value when the pumpkin seed protein 

isolates of 2.25 g/100 g were added. Thus, the three levels of pumpkin seed protein 

isolate (3.0, 4.5, and 6.0 g) were chosen for the orthogonal test. 

4.2.2 The effect of lean meat on the quality of meat product 

 
Fig. 4.6 Effect of lean meat on the quality of meat product 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

75

77,5

80

82,5

85

87,5

90

92,5

95

50 60 70 80 90

H
ar

dn
es

s/g

Se
ns

or
y 

sc
or

e

Lean meat addition (g/100g)

Sensory score Hardness



114  

As illustrated in Fig. 4.6, the sensory score improved when the addition of 

lean meat increased from 50 to 70 g/100 g. The sausage structure became 

tightened in this range due to the increasing lean meat content, and the value of 

the sausage's hardness and meat flavor also improved. The sensory score declined 

as the addition of lean meat improved from 70 to 90 g/100 g, as a result, increasing 

the hardness of the sausage and making the sausage structure tighter. Thus, three 

levels of lean meat (60, 70, and 80 g/100 g) were chosen to conduct an orthogonal 

test according to the sensory score.  

4.2.3 The effect of cooking time on the quality of meat product 

 
Fig. 4.7 Effect of cooking time on the quality of meat product 

 
As presented in Fig. 4.7, the sensory score improved first and subsequently 

decreased when the cooking time increased. When the cooking time was extended 

from 30 to 40 minutes, the meat's aroma increased and the sausage's structure 

became tightened. When the cooking time was raised from 40 to 50 min, the 

sausage's structure became too tight and the fat within kept flowing out, which 

caused the casing broke. Thus, the three degrees of cooking time (35, 40, and 45 

min) were chosen for the orthogonal test. 
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4.2.4 The effect of baking time on the quality of meat product 

 
Fig. 4.8 Effect of baking time on the quality of meat product 

 
Because the sausage's casing became tighter and chewier as baking time 

increased from 1 hour to 2.5 hours, the sensory score increased, as illustrated in 

Fig. 4.8. The sensory score was highest when the sausage baked for 2.5 hours. 

When the baking time was higher than 2.5 h, the sausage's ability to hold water 

reduced, its surface appeared uneven, and its hardness increased. Thus, the baking 

time of 2.5 hours was chosen as the fixed value of the orthogonal test based on 

the sensory assessment scores of these five levels. 

4.2.5 Results of orthogonal test 
Table 4.8 

Results of orthogonal test 

№ 
PSPI 

addition 
Blank 

Lean meat 

addition 

Cooking 

time 

Sensory 

score 

1 2 3 4 5 6 

1 1 1 1 1 6.5 

2 1 2 2 2 5.6 
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continuation of Table 4.8 
3 1 3 3 3 8.2 

4 2 1 2 3 6.8 

5 2 2 3 1 5.6 

6 2 3 1 2 6.8 

7 3 1 3 2 5.8 

8 3 2 1 3 5.4 

9 3 3 2 1 5 

K1 19.7 19.1 18.7 17.1 - 

K2 18.2 19.4 17.4 18.2 - 

K3 16.2 19.4 19 19.8 - 

k1 6.6 6.4 6.2 5.7 - 

k2 6.1 6.5 5.8 6.1 - 

k3 5.4 6.5 6.3 6.6 - 

R 1.2 0.1 0.5 0.9 - 

Factor Priority ACB 

Optimal combination A1C3B3 

 

 
Fig. 4.9 Final product of the meat product 

 
The range (R) shows how much the variables affect the indicators. The 

range's impact on the sausage's quality increases as it gets wider. According to the 
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analysis of the data in Table 4.8, the amount of pumpkin seed protein isolate, 

followed by the cooking time and the quantity of lean meat, had the biggest effects 

on the sausage quality. A1C3B3, which is shown in Table 4.8, is the optimal 

sausage formula parameters for pumpkin seed protein isolate. The optimal amount 

was pumpkin seed protein isolate of 1.5 g/ 100 g, lean meat of 80 g/ 100 g, and 

cooking time of 45 min. Results from orthogonal tests were triple-verified. The 

sensory score was 8.5 in the experiments that were verified. This is consistent 

with the orthogonal test. 

4.2.6 Results of the nutritional indicators of pumpkin seed protein 
isolate meat product 

Table 4.9 

Nutritional indicators 

Indicators 
Sausage (With addition 

of PSPI) 

Sausage (Without the 

addition of PSPI) 

Water (g/100 g) 51.16 52.23 

Ash (g/100 g) 2.26 2. 26 

Protein (g/100 g) 15.92 15.22 

Fat (g/100 g) 22.73 23.15 

 

As compared to the sausage without addition of PSPI, the amount of water, 

ash, protein, fat of pumpkin seed protein isolate sausage was 51.16, 2.26, 15.92, 

and 22.73 g/100 g, respectively. The sausage with the addition of pumpkin seed 

protein isolate contained higher protein and lower fat, which suggested that this 

kind of sausage is more benefit for human health.  

Table 4.10 

Minerals of pumpkin seed protein isolate meat product 

Minerals 

1 2 

Na (mg/100g) 2230.1±10.54 

P (mg/100g) 189±3.35 
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continuation of Table 4.10 
1 2 

Ca (mg/100g) 17±0.82 

Mg (mg/100g) 52±1.35 

K (mg/100g) 453±7.23 

Fe (mg/100g) 6.3±0.88 

Zn (mg/100g) 6.53±0.87 

Mn (mg/100g) 0.33±0.17 

Cu (mg/100g) 0.018±0.0061 

 

Minerals are one of the seven essential nutrients, which perform an 

important role in sausages. They cannot be synthesized in the body and must 

absorb through food or drinking water. The microminerals detected in this 

experiment were Na, P, Ca, Mg, as well as K and their contents in sausages were 

2230.1, 189, 17, and 52 mg/100 g respectively. The trace elements determined in 

this study were Fe, Zn, Mn as well as Cu, and their contents in sausages were 6.3, 

6.53, 0.33 and 0.018 mg/100 g, respectively. This result suggested that the 

pumpkin seed protein sausage can provide the body with certain mineral elements. 

4.2.7 The digestibility of pumpkin seed protein isolate meat product 
Table 4.11 

Digestibility of pumpkin seed protein isolate meat product 

Digestibility Results 

Digestibility 

Gastric enzyme (%) 
72.33±3.72 

Digestibility of Gastric enzyme and 

pancreatic enzyme (%) 
84.54±1.68 

 

After digestion of gastric enzyme, the digestibility was 72.33%. After 

further digested by the pancreatic enzymes, the digestibility was 84.54%.  
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4.2.8 Heavy elements, radioactive elements, and microbiological 
analysis of pumpkin seed protein isolate sausage 

Table 4.12 

Heavy elements, radioactive elements, and microbiological analysis of 
pumpkin seed protein isolate meat product 

Heavy elements 

Pb (mg/kg) 0.023±0.0093 

As (mg/kg) 0.171±0.068 

Cd (mg/kg) 0.013±0.091 

Hg (mg/kg) 0.0041±0.0025 

Radioactive elements 

Cs-137 Not detected 

Sr-90 Not detected 

Microbiocidal analysis 

Total microbial population (CFU/g) 73 

Staphylococcus aureus count 

(CFU/g) 
Not detected 

 

The heavy elements of Pb, As, Cd, and mercury were 0.023, 0.171, 0.0013, 

and 0.0041 mg/kg, respectively, which satisfy the national food safety standards. 

The radioactive elements of Cesium-137 and Strontium-90 were not detected in 

this study. After determination, the total number of bacterial colonies was 73 

CFU/g and the Staphylococcus aureus was not detected. This result meets the 

requirements of the National food safety standards. 

Conclusions to Section 4 
1. The processing technology of pumpkin seed meal biscuits was optimized 

by single factor experiments and orthogonal experiments. The results suggested 

that with the increase of pumpkin seed meal, the hardness of the biscuits increased 

first and then decreased. When the ratio of low-gluten wheat powder, pumpkin 

seed meal, and konjac powder of 2:1:1, the amount of plant oil and butter of 4% 
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and 12%, respectively, and the amount of maltitol of 20%, the biscuits showed 

the best flavor and are more acceptable for consumers. 

2. The nutritional composition and blood glucose curve of biscuits under 

the optimal process conditions were determined. The results showed that the 

biscuits contained proteins, fats, carbohydrates, minerals (K, Ca, F, Cu, Sn, Sr, 

Mg, Al, Co, Mo), and high dietary fiber. Microbiology analysis, heavy metal 

determination, and radioactive element detection showed that they meet the food 

safety requirements. 

3. According to the single factor test and orthogonal test, the optimal 

condition was pumpkin seed protein isolate of 1.5 g/100 g, lean meat of 80 g/100 

g, and cooking time of 45 min under the basic formula. The addition of pumpkin 

seed protein isolate can reduce the addition of animal meat products, thus reducing 

fat intake and good for human health. 

4. The nutritional composition showed that the products contained moisture 

of 51.16 g/100 g, ash of 2.26 g/100 g, protein of 15.22 g/100 g and fat of 23.15 

g/100 g and minerals. Microbiology analysis, heavy metal determination, and 

radioactive element detection showed that they meet the food safety requirements.  
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SECTION 5 PRACTICAL IMPLEMENTATION OF PUMPKIN 
SEED MEAL PROTEIN ISOLATE AND FOOD PRODUCTS USING IT 

 
In this section, the results of determining the socio-economic effect of the 

introduction of semi-finished products from pumpkin seed meal (pumpkin seed 
meal protein isolate) and culinary products using it are given, the cost is calculated, 
and generalized data on the approval of the research results are given. The 
economic feasibility of introducing developments into the practical activities of 
food industry enterprises and restaurant establishments has been proven. 

5.1 Determination of the socio-economic effect of the introduction of 
the semi-finished product production technology from pumpkin seed meal 

The assessment of the socio-economic effect of the introduction of semi-
finished products from pumpkin seed meal (pumpkin seed meal protein isolate) 
was carried out taking into account the following provisions. 

In today's conditions, the formation of investment and current business 
activities of restaurant establishments is based on the search for innovations that 
can be brought to the stage of industrial application. From these positions, the 
technology of semi-finished products from pumpkin seed meal (pumpkin seed 
meal protein isolate) is quite attractive. Firstly, this technology implements the 
main components of the innovative development strategy - marketing, 
technological, organizational, technical, and secondly, the technological 
principles of obtaining semi-finished products from vegetable seeds are 
determined and substantiated during the research, which allow expanding the 
range of products, which according to marketing forecasts will be in demand by 
consumers. 

The proposed technology involves complex processing of vegetable seeds, 
which was previously not used in the food industry due to the lack of industrial 
growing technologies. This approach to the processing of vegetable seeds makes 
it possible to reduce the cost of production and make it affordable from an 
economic point of view for the broad strata of the population of Ukraine, to 
increase the efficiency of production. 

It is positive that pumpkin seed meal purchased from oil processing 
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enterprises of Ukraine is used as the main raw material in the technological cycle 
of pumpkin seed meal protein isolate production, which to a certain extent reduces 
the risks arising from the use of imported raw materials, namely, increased costs 
for transportation and storage, non-compliance with the delivery date, etc. The 
creation and implementation of such technologies is relevant in the conditions of 
the modern market economy of the state and is a priority direction of its 
development. 

The technology of the semi-finished vegetable seed meal (pumpkin seed 
meal protein isolate) involves the use of natural raw materials of plant origin - 
pumpkin seeds. Under these conditions, the creation of products with high 
nutritional and biological value is ensured, which contributes to ensuring the 
health of consumers and increasing their working capacity. 

A direct quantitative assessment of the effectiveness of this technology was 
carried out by calculating the cost of new products in comparison with the cost of 
market analogues (soybean protein isolate). To determine the cost of production 
at the first stage, the cost of raw materials and materials, which are necessary for 
the production of 1000 kg of semi-finished products from pumpkin seed meal, 
was calculated. Costs at each technological stage of the production of semi-
finished products from pumpkin seed meal (pumpkin seed meal protein isolate) 
and the necessary equipment for this are shown in the table. 5.1. 

Table 5.1 

Scheme of cost modeling in the technology of a semi-finished product 
from pumpkin seed meal 

Stages of production Articles of expenditure 
Equipment/storage 

space required 

1 2 3 

Purchase of pumpkin 

seed meal and its 

storage for use in the 

technological process 

Purchase of pumpkin seed 

meal Composition of dry 

products Electricity 

Workforce 
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continuation of Table 5.1 
1 2 3 

Dispersion of flour in 

water 

Water supply Stainless steel 

containers with a total 

volume of 1 m3 

Electricity 

Workforce 

Protein extraction in an 

alkaline environment 

Electricity Mixer, production 

table Workforce 

Centrifugation 

Water supply 
The centrifuge is 

industrial 
Electricity 

Workforce 

Protein extraction in 

acidic medium 

Electricity Mixer, production 

table Workforce 

Centrifugation 

Water supply 
The centrifuge is 

industrial 
Electricity 

Workforce 

Drying 
Electricity 

Drying cabinet 
Workforce 

Packaging and labeling 

Packaging materials Polystyrene bags, 

vacuum cleaner , 

production table, label 

Electricity 

Workforce 

Storage 
Electricity Composition of dry 

products Workforce 

 

Table 5.1 data make it possible to summarize the main items of costs in the 

production of a semi-finished product from pumpkin seed meal (pumpkin seed 

meal protein isolate), which is necessary to determine the total cost of production. 

For a better understanding of the process of making a semi-finished product 

from pumpkin seed meal (pumpkin seed meal protein isolate), the costs of 

purchasing the necessary equipment for starting production and the costs of its 
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operation have been calculated, according to the technical characteristics listed in 

the table. 5.2. 

Table 5.2 

Costs of the main means of production and their operation 

Necessary 

equipment 
Brand, sizes 

Quantity 

based on 1t of 

manufactured 

products, 

piece 

Electricity 

consumption 

per 1t, kW 

Water 

consumption 

per 1t, liters 

Market 

value as of 

2023, UAH. 

Stainless 

steel 

container 

0.5 m3 

Barrel on legs 

with stainless 

steel drain 

2 - 800 77400 

Mixer 

IP 180 XP BA 

Sirman 

1422×700×1717 

4 22 300 1232120 

The 

centrifuge 

is industrial 

LW355*1250-N 

2900×1820×1802 
1 37.5 - 535000 

Drying 

cabinet 

SP-1130 

904×1401×900 
3 180 - 551700 

Industrial 

table 

Chimneybud, 

1800×700×850 
2 - - 38626 

Vacuumizer 

Vacuum 

packaging 

machine 

"Status SV-2000" 

420×270×170 

3 2.64 - 16350 

In total 2451196 

 

Table 5.2 data make it possible to calculate the cost of production, which 

will make it possible to determine the price range for a semi-finished product from 
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pumpkin seed meal (pumpkin seed meal protein isolate). 

To calculate the full cost of production, we took into account the cost of all 

costs for the production and sale of manufactured products as of 2023 in Ukraine 

(Table 5.3). 

Table 5.3 

Calculation of the cost of a semi-finished product from pumpkin seed 
meal (pumpkin seed meal protein isolate) 

Cost items for the production and 

sale of semi-finished products 

Production factors per 1 

ton of semi-finished 

products 

Based on 

1000 kg of 

semi-

finished 

product as of 

2023, UAH 

1 2 3 

Purchase of raw materials (60 

UAH/kg) 
2000 tons 12000 

Labor force (number of employees 

and average daily wages) 

8 people/4 people per 

shift/12 hour working 

day/15 working days per 

month 

58262.4 

Transportation 
Delivery of 1t of raw 

materials once a day 
7500 

Electricity 242.14 kW 1150,165 

Water supply 1100 liters 35,915 

Rent of production premises 100 

m 2 
1 day 700 

Product labeling and packaging 

1000 polystyrene bags 

(Vacuum bag PA/PE 

transparent food) 

3200 

Production cost - 82848.48 



126  

continuation of Table 5.3 
1 2 3 

Equipment cost 2451196 - 
Costs for preparation, equipment 
and development of production 

3.5% of the equipment 
cost 

- 

Depreciation of equipment taking 
into account the costs of starting 
production (based on 10 years) 

2536987.86 UAH/year 704.72 

Costs for unsold products during 
the storage period 

2.5% of the production 
cost 

2071.21 

Costs due to technical failure 1% of the production cost 828.48 
Enterprise income tax 2 group of 

single tax payers 20% of the 
minimum wage (1340 

UAH/month ) 

Based on the production 
of 30 tons of semi-

finished products per 
month 

44.7 

EUV of the enterprise 2 group of 
payers of the single tax 22% of the 

minimum wage (1474 
UAH/month ) 

Based on the production 
of 30 tons of semi-

finished products per 
month 

49.1 

The minimum payment of 
personal income tax is 18% of the 

minimum wage (1206 
UAH/month ) for an employee 

Based on the production 
of 30 tons of semi-

finished products per 
month (8 employees) 

321.6 

The minimum payment of social 
security is 22% of the minimum 
wage (1474 UAH/month ) for an 

employee 

Based on the production 
of 30 tons of semi-

finished products per 
month (8 employees) 

393.1 

The cost price is 1000 kg 87261.39 
Enterprise profit (minimum 15% markup) 13089.21 

The cost is 1000 kg 100350.6 
VAT 20% 20070.12 

Selling price 1000 kg 120420.72 
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The average statistical rate of output from 1 ton of raw material (pumpkin 

seed meal) is 550 kg on average, but the protein isolate yield at the level of 500 

kg was used in the calculations, because the content of crude protein in the meal 

can differ significantly. Since calculations are made based on 1 ton of finished 

products, it is established that 1 day will be spent on its production. The rent of a 

production space of 100 m 2 was determined on the basis of 1 working day with a 

total cost of 21,000 UAH for 30 days of rent. Labor costs were calculated in 

accordance with the Law of Ukraine "On the State Budget of Ukraine for 2023" 

dated November 3, 2022 № 2710 - Ⅸ and amount to UAH 40.46/hour with a 12-

hour shift work schedule. According to the tariffs for 2023, which are presented 

separately for each region in Ukraine, the average cost of 1 kW of electricity for 

voltage class two enterprises consuming more than 750 kW per month is UAH 

4.75/kW. The cost of 1 m 3 of water on average in Ukraine and the tariff for 

centralized water supply and drainage services in the amount of UAH 32.65 are 

taken into account. After analyzing the freight transportation market in the sector 

of up to 5 tons, the cost per 1 km, on average in Ukraine, is UAH 15/km. The 

maximum distance of delivery of raw materials according to the maximum 

profitability of production is noted to be no more than 500 km, which is taken as 

a basis for calculations. The costs of preparation, equipment and mastering the 

production of products make up 3.5% of the cost of the equipment. Costs for 

unsold products during the storage period are 2.5% of the production cost. Costs 

due to technical defects make up 1% of the production cost. 

Thus, the calculations made it possible to determine the selling price of 

1000 kg of the developed product, which is 120420.72 UAH 

It was determined that the introduction of semi-finished product technology 

in restaurants and food industry enterprises will allow the business entity to 

receive a profit of UAH 13.09...112.73 thousand for each ton of sold products. 

To determine the selling price of a semi-finished product made from 

pumpkin seed meal (pumpkin seed meal protein isolate), the market price of its 

analogue, soy protein isolate, was taken into account, which was 250 UAH/kg on 
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average (the selling price of soy protein isolate is quite high, considering the 

average price of soy meal, which is UAH 25/kg, which is 58.3% lower than the 

price of pumpkin seed meal) as of 2023. Therefore, taking into account that the 

cost of pumpkin seed meal protein isolate is UAH 87.26/kg, the producers of this 

product can freely set the market price, determining the markup in the range from 

15% (minimum markup) to 129.2% (maximum markup) at its discretion and 

depending on the situation in the region of sale and on the protein isolate market. 

This possibility of choosing a price will allow it to be adapted to the economy of 

the region and create the most competitive products from pumpkin seed meal 

protein isolate while maximizing profit. 

 

5.2 Implementation of research results into practice 
Based on the results of the innovative strategy of new product development, 

theoretical and experimental research, the technology of semi-finished products 

made from pumpkin seed meal (pumpkin seed meal protein isolate) and culinary 

products using it was tested and implemented in restaurants. The technical 

documentations TS 10.8-04718013-006:2022 "Pumpkin protein" (Addition C) 

and TS 10.3-04718013-008:2022 "Concentrated and dried taro products" 

(Addition D) was developed and approved, which regulates the technical 

requirements and technological process of production. 

Developed and approved regulatory documentation in the People's 

Republic of China Q/YTBG-0001S-2022 "Pumpkin Seed Meal Cookies" 

(Addition E); Q/YTBG-0002S-2022 "Pumpkin Seed Protein Isolate Sausage" 

(Addition F); Q/YTBG-0003S-2022 "Pumpkin Seed Protein Isolate Cookies" 

(Addition G), which regulates the technical requirements and technological 

process of production at a food enterprise. 

The semi-finished product made from pumpkin seed meal (pumpkin seed 

meal protein isolate) was introduced at the specialized enterprises, which is shown 

in Table 5.4.  
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Table 5.4 

Certificates of implementation of a semi-finished product from 
pumpkin seed meal (pumpkin seed meal protein isolate) 

Enterprise Name Addition 

Individual 

entrepreneur "Filon 

A.M." 

Technology of sausages using protein 

isolate from pumpkin seed meal 
Addition H 

Technology of biscuits using protein 

isolate from pumpkin seed meal 
Addition I 

Technology of pork sausages using 

concentrated taro products 
Addition J 

Technology of meat pate using protein 

isolate from pumpkin seed meal 
Addition K 

Technology of duck meat sausages 

using concentrated taro products 
Addition L 

Individual 

entrepreneur 

"Klymenko L.O." 

Technology of sausages using protein 

isolate from pumpkin seed meal 
Addition M 

Technology of biscuits using protein 

isolate from pumpkin seed meal 
Addition N 

Technology of pork sausages using 

concentrated taro products 
Addition O 

Technology of meat pate using protein 

isolate from pumpkin seed meal 
Addition P 

Technology of duck meat sausages 

using concentrated taro products 
Addition Q 

Shenzhen Wah Tai 

Xing Foods Co., Ltd. 

Pumpkin Seed Protein Isolate Sausage Addition R 

Pumpkin Seed Protein Isolate Cookies Addition S 

 

The profitability of products from the sale of the experimental and 

industrial batch is shown in fig. 5.1. 

According to fig. 5.1, profitability of products from the sale of a research 
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and industrial batch in the amount of 30 kg of finished products is at a high level. 

The proposed semi-finished product from pumpkin seed meal (pumpkin seed 

meal protein isolate) and examples of its use in optimized recipes for 

confectionery and sausage products allow the economically efficient use of semi-

finished pumpkin seed meal (pumpkin seed meal protein isolate) at any food 

enterprises in Ukraine and China. 

Fig. 5.1. Product profitability 
 

Conclusions to Section 5 
1. Semi-finished products from pumpkin seed meal (pumpkin seed meal 

protein isolate) and culinary products using it at food enterprises and restaurant 

establishments was carried out. It is shown that the determined technological 

principles of production of new products make it possible to ensure complex 
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processing of pumpkin seeds, which helps to reduce the cost of production and 

increase the efficiency of the technological process. 

2. A complex of organizational and technical measures was carried out to 

introduce new technologies at food enterprises and restaurant establishments: 

Individual entrepreneur "Filon A.M.", Shenzhen Wah Tai Xing Foods Co., Ltd., 

Individual entrepreneur "Klymenko L.O.". 

3. The calculations made it possible to determine the selling price of 1000 

kg of the developed product, which is 120420.72 UAH. It was determined that the 

introduction of semi-finished product technology in restaurants and food industry 

enterprises will allow the business entity to receive a profit of UAH 13.09...112.73 

thousand for each ton of sold products. 
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CONCLUSIONS 
1. The technology scheme of producing pumpkin seed protein isolate was 

studied, and the extraction rate and protein purity of pumpkin seed protein isolate 

in pumpkin seed meal was improved by ultrasound-assisted alkali-soluble acid 

precipitation extraction method. With the improved technology, the extraction rate 

of pumpkin seed protein isolate can reach and the protein purity can reach. 

2. The functional properties of pumpkin seed protein isolate were improved 

by pH-shifting, and it was found that this method could significantly improve the 

gel properties, solubility and emulsification of pumpkin seed protein isolate, 

which was effective for the expand applications of pumpkin seed protein isolate 

in different types of food products. 

3. On the basis of theoretical generalization and experimental research, it is 

proved that pumpkin seed cake and pumpkin seed protein isolate can be used as 

food raw materials to add to the product, providing additional nutritional 

components and functional characteristics for the product, which is suitable and 

possible. Pumpkin seed cake cookies have been shown to have the ability to lower 

the glycemic index, which is beneficial for reducing obesity, increasing 

gastrointestinal motility and maintaining intestinal health. The sausage with 

pumpkin seed protein isolate proves that pumpkin seed protein isolate can replace 

part of meat to be added to the sausage, which will reduce the intake of animal fat 

and be more beneficial to human health. 

4. The formulations of pumpkin seed meal biscuits and pumpkin seed 

protein isolate sausage were determined by single factor experiments and 

orthogonal experiments. For biscuits, the optimal addition amount of the ratio of 

the main material (low-gluten wheat powder, pumpkin seed meal, and konjac 

powder) was 2:1:1, the amount of plant oil and butter was 4 % and 12 %, 

respectively, and maltitol amount was 20 %. For sausage, the optimal addition 

amount of pumpkin seed protein isolate was 1.5 g/100 g, lean meat was 80 g/100 

g, cooking time was 45 min, and baking time was 2.5 h. Under these conditions, 

the biscuit and sausage have high acceptability. The heavy metal content, the total 



133  

bacterial count and staphylococcus aureus can meet the food safety standard. 

5. The addition of pumpkin seed meal to biscuits can improve the protein 

content, from 19.5 to 20.4 g/100 g, and also increase the dietary fiber, from 18.3 

to 19.1. While adding pumpkin seed protein isolate to the sausage can improve 

the protein from 14.72 to 15.22 g/100 g, and also reduce the fat from 24.13 to 

23.15 g/100 g.  

6. Industrial tests of the developed technology have shown that the 

introduction of semi-finished technology (pumpkin seed protein isolate) in certain 

restaurants and food industry enterprises can help reduce production costs and 

increase company profits.  
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