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Abstract
Background: The addition of inulin to growol cookies can optimize the role of cookies as a

diabetic snack. The growol cookies formula with low glycaemic index and glycaemic load has

been successfully formulated. To meet commercial food standards, the growol cookies

development must be accompanied by product quality parameters-determination of shelf

life. Objective: This study aims to determine growol cookies’ shelf-life time with various

packaging techniques. Methods: This was an observational laboratory study that analyses the

shelf life of growol cookies based on the water content on 0 (H-0), 7th (H-7), 14th (H-14), 28th

(H-28), 56th (H-56), 90th (H-90) days using three variations of packaging techniques: 1) jar with

silica gel, 2) vacuumed polyethylene plastic and 3) aluminum foil. The water content was

tested using a thermogravimetric method. This research was carried out at Universitas Respati

Yogyakarta from July to October 2022. Water content data were presented descriptively.

Results: The water content of growol cookies in a jar with silica gel on the 0, 7th, 14th, 28th,

56th, and 90th days were 4.36%; 6.56%; 4.85%; 4.98%; 5.25%; and 6,56%. The water content of

cookies in vacuumed polyethylene plastic is 4.98% (H-0); 4.92% (H-7), 4.51% (H-14), 4.53%

(H-28), 4.12% (H-56), 6.29% (H-90). The water content of cookies on aluminum foil packaging

on the 0, 7th, 14th, 28th, 56th, and 90th days was 6.01%; 6.40%; 3.85%; 5.18%; 3.65%; and 6,68%.

Conclusion: Cookies with vacuumed plastic packaging have more stable water content

according to SNI cookies until day 56th.
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INTRODUCTION

Cookies, a contemporary snack, is favored by almost the entire range of people, from

toddlers to the elderly because of the taste that is easily accepted by the senses and its long

shelf life (Loza et al., 2017; Pestorić et al., 2019; Sharma & Riar, 2020). Unfortunately, the

majority of cookies have a high glycemic index (GI) and low fiber so they are not suitable for

certain patients, especially diabetic patients. Various developments have been made to make

cookies with good nutritional value (Loza et al., 2017), one of which is to reduce the GI and

increase fiber in cookies considering that a low glycemic index and high fiber foods have

been shown to reduce blood glucose levels in diabetic patients (Asif, 2014; Previato, 2016).

Growol (a fermented cassava product of Kulonprogo) can be potentially developed as

a functional food for diabetic patients. The process of fermenting cassava into growol is able

to increase the content of total dietary fiber, water-soluble dietary fiber, and water-insoluble

dietary fiber by 25%; 35%; 25% of the initial content (Puspaningtyas et al., 2019). The use of

growol flour in making cookies was able to increase total fiber, water-soluble fiber, and

water-insoluble fiber by 12%; 53%; 10% compared to control cookies. The GI of growol

cookies is lower than glucose but is still in the high category (Puspaningtyas et al., 2020).

Another modification attempt has been made with the addition of inulin (Puspaningtyas et

al., 2022).

The addition of inulin to the modified growol cookies was able to optimize the role of

growol cookies as a snack for diabetic. Growol cookies with the addition of inulin proved to

have a low GI with a GI value of 41 (Puspaningtyas et al., 2022). Inulin acts as a prebiotic and

can improve gastrointestinal health and maintain the stability of blood glucose levels

because of the role of inulin as a dietary fiber. Furthermore, inulin does not change food

structure significantly (Abed et al., 2016; Kuntz et al., 2013; Wilson & Whelan, 2017).

The formula for growol cookies with low GI and low glycemic load has been

successfully formulated and is ready for the downstream research process into commercial

products. To meet commercial food standards, the development of growol cookies must be

accompanied by product quality parameters, and one of them is the determination of water

content during the storage period. Water content or moisture content can describe the

number of microbes in food as a picture of food safety (food shelf-life time) (Brown et al.,

2011).

During the storage process, food products can lose food quality. Several factors also

affect shelf life such as product characteristics, environment, and packaging (Sudibyo et al.,

2010). Besides being determined by the length of storage, the water content of the product
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is also determined by the type of packaging used (Correa et al., 2015; Nagi et al., 2012). The

goal of the study is to determine the moisture content of growol cookies based on storage

time and type of product packaging. The results of this study are expected to provide

information about the optimal packaging method and the shelf life of growol cookies. This

information becomes one of the important parameters in the process of downstream

research products into product ready to be consumed and disseminated as a snack for

diabetic patients.

METHODS

This study used an observational laboratory design and analysed the shelf life of

growol cookies based on the water content on 0 (H-0), 7th (H-7), 14th (H-14), 28th (H-28), 56th

(H-56), and 90th (H-90) days using three variations of packaging techniques: 1) jar with silica

gel, 2) vacuumed polyethylene plastic and 3) aluminum foil. This research was carried out at

the Laboratory of Chemistry and Microbiology, Universitas Respati Yogyakarta from July to

October 2022.

The main ingredient used is growol obtained from local farmers in the Kulonprogo -

Yogyakarta. Growol is processed into growol flour through drying technology, referring to the

previous study (Puspaningtyas et al., 2019). Additional ingredients for making cookies include

wheat flour, cornstarch, skim milk flour, baking powder, non-calorie sugar, butter, egg yolks,

and inulin. The manufacture of growol cookies modified the previous formula (Kustanti et al.,

2017; Puspaningtyas et al., 2020), especially the addition of 10 grams of inulin.

Cookies are made by mixing the basic ingredients first using a mixer followed by the

addition of egg yolks, skim milk flour, wheat flour, growol flour, cornstarch and inulin. After

the dough is mixed, the dough is molded into cookies and ends with baking cookies for 20

minutes at a temperature of 160 degrees Celsius (Puspaningtyas et al., 2020).

The water content was tested using the 1995 AOAC thermogravimetric method by

drying growol cookies in the oven until the weight of the cookies tended to be stable. The

measurement of cookies’ moisture content begins with drying the cup in an oven at 1000C

for 15 minutes, then the cup is cooled in a desiccator for 15 minutes. After cooling, the cup

was weighed using an analytical balance. Furthermore, as much as ± 1 gram of crushed

growol cookies were put into the cup and weighed to determine the initial weight. The

growol cookies in the cup then dried in an oven at 1000C for 15 minutes, then cooled in a

desiccator for 15 minutes and weighed. Take the measurements until the weight obtained

tends to be stable. Weight reduction is the amount of water contained in growol cookies. The
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formula for moisture content (%wb) (Food Safety and Inspection Branch, 2016; Herlina &

Nuraeni, 2017):

x 100%
(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑢𝑝 𝑎𝑛𝑑 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑢𝑝 𝑎𝑛𝑑 𝑓𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒

Water content data were presented descriptively. Data analysis presents changes in

water content in each different packaging from time to time of storage.

RESULTS AND DISCUSSION

The water content of growol cookies in jar with silica gel (J) on the 0, 7th, 14th, 28th,

56th, and 90th days respectively were 4.36%; 6.56%; 4.85%; 4.98%; 5.25%; and 6,56%. The

water content of cookies in vacuumed plastic packaging (P) is 4.98% (H-0); 4.92% (H-7),

4.51% (H-14), 4.53% (H-28), 4.12% (H-56), and 6.29% (H-90). The water content of cookies on

aluminum foil packaging (AF) on the 0, 7th, 14th, 28th, 56th, and 90th days was 6.01%; 6.40%;

3.85%; 5.18%; 3.65%; and 6,68% (Figure 1). It is known that the moisture content of growol

cookies stored using vacuumed plastic packaging is more stable than others. Moisture

content of cookies stored using vacuumed plastic packaging in accordance with SNI

standards (maximum 5%) until the 56th day (2nd month) (BSN (Badan Standarisasi Nasional),

2011). However, entering the 3rd month, both cookies stored in vacuumed plastic packaging

as well as jar and aluminum foil packaging have a higher water content than SNI standard. In

other words, the longer cookie products are stored, the higher the moisture content of

growol cookies.

Figure 1. Water Content of Growol Cookies in Various Packaging
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This study are in line with prior studies which proved that the longer the flakes were

stored, the higher the water content (Herlina & Nuraeni, 2017). Another study of food in

powder form proved that coffee stored at different temperatures of 30, 45 and 50 degrees

Celsius on days 1st, 8th, 15th, 24th, 30th, 36th, 43rd, and 51st showed the higher the storage

temperature, the higher the moisture content; and the longer the storage time, the higher

the moisture content (Sudibyo et al., 2010). Studies on cocoa powder storage mentioned

that the higher the storage temperature, the higher the moisture content of cocoa powder.

Powder textured products tend to be hygroscopic and able to absorb moisture from the

surroundings (Hidayati et al., 2021). There is a relationship between water activity, sensory

quality, humidity percent and packaging technology (Chowdhury et al., 2011).

Water content often referred to as moisture content is a measurement of the content

of free water and bound water. Water content plays a role in confirming the end point of the

drying process and knowing the dry weight of the food (Food Safety and Inspection Branch,

2016). Checking the water content is the first step to seeing the potential shelf life of a

product. The presence of water vapor absorption from the environment can increase the

water content of the product (Hidayati et al., 2021; Sudibyo et al., 2010).

Cookies are hygroscopic foods that are susceptible to additional water absorption

which will have an effect on decreasing shelf life (Brown et al., 2011; Correa et al., 2015;

Kurniadi et al., 2019). Efforts are needed to maintain the water content of cookies so that the

cookies quality is still good. The quality and shelf life of a product is also determined by the

packaging materials used. Product packaging can have a significant effect on changing the

moisture content of food (Brown et al., 2011).

All packaging systems have a better effect on product quality than open tray storage.

The permeability of packaging materials has a great influence on the composition of the

internal atmosphere and the optimal storage conditions. For example, perforated plastic

bags, both High-Density Polyethylene (HDPE) and Low-Density Polyethylene (LDPE), were

found to be the best packaging among all types of packaging to reduce weight loss, avoid

mold growth, and maintain better tomato quality for longer duration (Poudel et al., 2022).

Plastic jars made from polyethylene terephthalate (PET) have a good oxygen barrier, good

moisture barrier, and low light barrier. This packaging also has good heat resistance, rigidity,

and strong, and good oil resistance. While aluminum packaging is able to hold oxygen and

moisture, but it is not stable to heat (Bauer et al., 2022).

Vacuum packaging has been shown to extend the shelf life of a product (Brown et al.,

2011; Chowdhury et al., 2011). Studies conducted on trout showed that when trout was
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vacuum-packed in plastic material with low oxygen permeability, the shelf life at 00C

increased to 20 days (Correa et al., 2015). Vacuum packaging can increase the shelf life of

food by limiting the microorganism’s growth. Cookies made on a household scale can be

stored in the refrigerator for two months and at room temperature for two to three weeks

(National Institute of Food Technology and Entrepreneurship and Management, 2021).

Mocaf cookies storage technique using polyethylene, metalizing, and aluminum foil

packaging has a predicted shelf life of 1.5 months, 12 months, and 19 months (Kurniadi et al.,

2019).

In this study, on the 90th day (3rd month) organoleptic testing was carried out to assess

the sensory feasibility of cookies. Based on the aroma, there was no foreign odor in cookies

with the three variations of cookies storage. The taste test showed that the three packaging

variations did not affect the cookies taste. The taste of cookies is still in accordance with the

taste of cookies in general. Likewise, from the results of the color, cookies still have a slightly

yellow color whether stored in jars, aluminum foil, and vacuumed plastic. However, there is a

difference in crispness between cookies stored in jars, aluminum foil, and vacuumed plastic.

Cookies stored in a vacuumed plastic are crispier than cookies stored in aluminum foil and

jar.

This study showed that on the 90th day the moisture content of cookies stored with

aluminum foil (6.68%) and jar (6.65%) was higher than cookies stored in vacuumed plastic

(6.29%). In line with prior study, the higher the water content, the less crispy the cookies will

be. Storage period and packaging technique affect the water activity and hardness of cookies

made from raw and germinated minor millet blends flour. Moisture and water activity

increased while the hardness value decreased along with the longer the cookies were stored,

but still within safe limits to control the rate of microbial growth (Sharma & Riar, 2020). The

shelf life study of Baru (Dipteryx alata Vog.) pulp cookies showed that during the shelf life,

moisture and water activity increased due to product absorption, resulting in a decrease in

cookie hardness (Ferreira et al., 2020).

Some studies stated that dry food can be stored for up to three months. Packaging

techniques have a significant impact on the quality of biscuits (Nagi et al., 2012). Another

study showed that fermented cassava flour (FERCAF) has a shelf life of 3 to 4 months at

ambient temperature (300C, 60% humidity) (Lestari et al., 2019). The shelf-life of germinated

pumpkin seed flour biscuits and cookies showed that biscuits and cookies were still

organoleptically acceptable on the 60th and 75th days (Kumari et al., 2021).
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Biscuits made with pineapple powder can last for 6 weeks at an ambient temperature

of 300C and a humidity of 75-80% (Thivani et al., 2016). Biscuits from potato waste are

known for the first 36 days there is no increase in the water activity and this remains

constant for up to 144 days of storage and can be consumed within a period of 180 days (de

Morais et al., 2018). The estimated storage of cookies at room temperature (10-250C, dry and

dark) is 1-2 months (Food Banks Canada, 2018). Meanwhile, the study on arrowroot cookies

showed that the statistical test results of variations in storage space humidity had an effect

on the crispness and moisture content of arrowroot cookies, but had no effect on color. The

shelf life of arrowroot cookies ranged from 106 to 209 days based on the crispness test

(Wibowo, 2018).

The shelf life of the product needs to be evaluated to determine the

commercialization of the product. Shelf life of product can be estimated using the

Accelerated Shelf-Life Testing method by knowing the initial water content, critical moisture

content, solid weight of product, packaging surface area, packaging permeability, saturated

vapor pressure, and slope sorption isotherm curve (Ekafitri et al., 2021). Shelf life can also be

determined by extended storage studies (EES). This ESS method is usually used in

conventional methods where producers store a food product in normal daily conditions and

observe quality degradation so that the optimal shelf life of a product can be known. The

quality of food products will decrease during the storage process (Sudibyo et al., 2010).

CONCLUSIONS AND RECOMMENDATION

Cookies with vacuumed plastic packaging have more stable water content according

to SNI cookies until day 56th. This study still has limitations because it only examines the

effect of storage time and packaging techniques on water content. Further studies can

explore the effect of storage time and packaging techniques with various temperature

variations on water activity so that the shelf life of growol cookies can be predicted

mathematically.
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