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Dadih, traditional fermented buffalo it

milk: a comprehensive review of the aspects
of gastronomy, health benefits, and product
development
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Rianita Pramitasari®

Abstract

Indonesia is a country with a rich array of traditional meals renowned for their health benefits and potential to serve
as functional foods, including dadih. Several studies have shown that dadih is a traditional fermented product

from Indonesia, with various culinary applications. In addition, it is typically produced from fermented buffalo milk,
which forms an unchanged or broken lump when fermented at room temperature. This product is also widely con-
sumed by the Minangkabau ethnic group in Central Sumatra (nowadays known as the provinces of West Sumatra,
Riau, Kepulauan Riau, and Jambi), holding a significant position in their culinary practices. Dadih is often traditionally
processed through spontaneous fermentation in bamboo containers without the need for additional inoculation
with buffalo milk. The indigenous dadih lactic acid bacteria has been evaluated to have several advantages, includ-
ing immunomodulatory, antioxidant, antimutagenic, hypocholesterolemic, and antimicrobial properties, by various
mechanisms. In addition, this product offers significant nutritional content, promoting digestive health and enhanc-
ing the body’s resilience.
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Introduction

Functional foods are defined as meals containing bioac-
tive components that have benefits to human physiology,
potentially aiding in the chronic diseases prevention [1].
Despite their significance, several studies have shown the
presence of varying definitions around the world [2]. In
addition, functional foods, comprising both fresh and
processed meals, have positive effects on human health
and nutritional requirements [3]. These findings must
be supported by scientific data, emphasizing the impor-
tance of regular consumption [4]. The inclusion of pro-
cessed and fresh meals as forms of functional foods can
facilitate their growth in the academic and business fields
[5]. According to previous studies, there are three pri-
mary types of functional foods based on the constituent
microbes, including prebiotics, probiotics, and synbiotics
(mixtures of prebiotics and probiotics) [6, 7].

Indonesia has traditional meals that has potential as
functional foods, but the majority of studies focus on
modern varieties, which are often produced with the
assistance of technology or scientific exploration [8]. The
factors influence the consumption of traditional func-
tional foods, with descriptive norms being one of the
most influential [9-11]. In addition, Verbeke and Lépez
[12] reported that traditional meals can be referred to as
“ethnic foods” due to their ability to symbolize specific
cultural markers. Previous studies have also acknowl-
edged that some traditional meals possess functional
food qualities [13]. Therefore, “traditional functional
foods” refers to Indonesian meals that have been con-
sumed for generations, in the context of Indonesia [8].

Dadih (curd) can be classified as traditional foods [8]
due to their potential health benefits as Indonesian tra-
ditional meals. According to Purwaningsih et al. [5],
there is an increasing trend in studies and development
within the field of functional foods in Indonesia. This
suggests increased public interest, particularly in local
and traditional meals. Dadih is a fermented milk variety
prominent in the cuisine of West Sumatera. In addition,
it is often produced from buffalo milk by lactic acid bac-
teria (LAB) within bamboo containers for 2 to 3 days at
ambient temperature. Dadih has been reported to have
a unique sour flavor as well as contain several essential
nutrients and probiotics [14, 15]. LAB, such as Lactococ-
cus lactis, Enterococcus lipophilus, Leuconostoc mesen-
teroides, Bifidobacterium bifidum, Lactobacillus casei,
Lactobacillus bulgaricus, and Streptococcus thermophilus,
are microorganism that are mostly involved in fermen-
tation of dadih. In the fermentation process, these bac-
teria can originate from banana leaves, bamboo tubes,
or buffalo milk. Additionally, in the inner bamboo tube
section contain C. metapsilosis [16—18]. In line with pre-
vious studies, it typically presents as intact or broken
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buffalo milk lumps with a white appearance similar to
that of tofu. During the production process, no starter
is often added to initiate fermentation [19]. Curd is one
of Indonesia’s traditional foods that has been widely
explored and has the potential as a probiotic food derived
from buffalo milk [20]. Although there is also another
buffalo milk derivative product, namely dangke from
South Sulawesi, these two products have differences in
the ingredients and microorganisms in them [21, 22].
Several reports have shown that it is favored by elderly
Malay individuals, particularly in central Sumatra, as a
regular health food [15, 23]. Apart from West Sumatra,
it is also found in the province of Riau due to their close
cultural links [21]. Dadih has uniqueness compared to
other traditional fermented foods in Indonesia; Minang-
kabau, West Sumatra, uses bamboo pieces as containers,
has many health benefits, and is one of the most popu-
lar processed foods in Indonesia. To clarify this, it will be
explained in this manuscript section.

Despite its potential, several obstacles have been iden-
tified in dadih manufacturing, prompting a collaboration
between local government and scientists to find solu-
tions. Therefore, this study aims to generate and dis-
seminate information regarding the evolution of dadih
[15]. To strengthen its identity as a traditional meal, par-
ticularly in the Minangkabau ethnic culture, it is essen-
tial to conduct an in-depth identification to ensure that
local and foreign audiences comprehend its origins [24].
This study discusses the history and cultural aspects of
dadih, the manufacturing process, its potential as func-
tional foods, and the development of dadih products in
Indonesia.

Method

The research on dadih, an Indonesian traditional cuisine
with promise for functional food, that has been published
in foreign publications is still few. The current study’s
examine earlier research on the creation and caliber of
dadih by using papers from various databases, including
conference proceedings, books, Google Scholar, Science
Direct, and reliable sources. The lack of journals or sci-
entific articles on this subject led to the combination of
these popular and scientific references. Furthermore, as
the articles’ areas of specialization fall beyond the pur-
view of this study, those that emphasize dadih’s history,
production method, and health advantages were chosen
over those that promote various recipes.

History of dadih and Minangkabau cultural attachments

As an archipelagic country, Indonesia comprises vari-
ous tribes and cultures, with a diverse array of tradi-
tional meals [25]. Indonesian traditional meals represent
authentic culinary practices using local ingredients and
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a range of local cooking methods, reflecting unique
regional characteristics. In addition, it is passed down
from generation to generation and harmoniously aligns
with religious and cultural values while leveraging locally
available produce and spices [24, 26]. In line with previ-
ous studies, buffalo (Bubalus bubalis) has long played
integral roles in Minangkabau culture in West Sumatra,
Indonesia, serving purposes such as transportation, rice
field plowing, sugar cane processing for sugar produc-
tion, and tourism, particularly through combat [27]. The
architectural style of Minangkabau buildings, resembling
the shape of buffalo horns and known as “gadang” homes,
also shows the deep cultural affinity of the Minangkabau
people with this animal. Several studies have shown that
buffalo is often raised for its meat, milk (used for curd
production), and hides. The production of dadih, also
known as curd, from buffalo milk holds significant cul-
tural significance for the Minangkabau people, symboliz-
ing the host family’s hospitality toward guests. Moreover,
its production contributes to the local economy and
enhances food security among the Minangkabau peo-
ple [17]. Minangkabau ethnic groups living in central
Sumatra, therefore, have a long-standing familiarity with
Dadih, predating the introduction of fermented milk
products from external sources, such as yoghurt or com-
mercially produced fermented milk.

Dadih is a traditional food typical of the ethnic
Minangkabau people in West Sumatra. Physically, it has
the appearance of Greek yogurt and has a creamy tex-
ture, cream white tastes sour, and color [15]. It holds a
significant position among the culinary traditions of the
Minangkabau ethnic group, particularly prevalent in
West Sumatra Province, Indonesia. Minangkabau people
consume dadih for various purposes such as side dishes,
dishes during traditional events such as circumcision
parties, wedding parties (Baralek), and there are also
those who consume it for traditional medicinal purposes.
Although Minangkabau specialty food, dadih, can also be
found in neighboring provinces, such as the Kerinci area
in Jambi Province and the Kampar area in Riau Province,
the proximity of these regions to West Sumatra indicates
a significant influence on the spread and development
of the product. [28]. In rural areas, dadih is commonly
served either alone or alongside rice, often garnished
with sliced shallots and red chilies, or incorporated into
refreshing beverages blended with brown sugar, coconut
milk, and ampiang katan pulut (Sticky Rice Chips) [29].
According to Sugitha [30], it serves various purposes,
including being consumed as a side dish, an intermission
food, part of rituals, and a traditional remedy. Dadih is
notably produced in the district of Kerinci, comprising
of Kayu Aro, Air Hangat, and Gunung Kerinci in Jambi
Province. Kerinci district dadih bears a resemblance to
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that of West Sumatra and other areas, maintaining the
authentic essence of this cherished Minangkabau food.

Although there is no written history or when dadih
first appeared [31], in ancient times, Minangkabau peo-
ple had the habit of eating curd with sliced onions and
rice. However, there are also those who state that based
on the history that is believed to have been passed down
from generation to generation by the heirs of Dadiah Aia
Dingin, initially buffalo farmers used buffalo milk for the
daily needs of the community in ancient times, both for
personal consumption and for sale to meet economic
needs. However, one day the buffalo milk was placed in a
cup and not drunk for a long time, so that the buffalo milk
eventually began to curdle, taste sour, and harden some-
what, which indicated that the milk was stale. In order
to prevent this from happening, the community tried to
overcome the problem by transferring the unconsumed
buffalo milk into a sealable bamboo container in the
hope that it could be used for consumption in the next
few days, only to find that once opened, the buffalo milk
became hard and had a different taste, but was still suit-
able for consumption. In rural areas, dadih is commonly
served either alone or alongside rice, often garnished
with sliced shallots and red chilies, or incorporated into
refreshing beverages blended with brown sugar, coconut
milk, and ketan emping. (Ketan emping is a condiment in
food made from glutinous rice that has been roasted and
then flattened so that it is chip-shaped.) So the hardened
or fermented buffalo milk is called dadiah which comes
from mandidiah (boiling) [32].

The dadih making process

The method for producing dadih from buffalo milk had
been passed down without modification [33]. Histori-
cally, dadih was typically produced through spontane-
ous fermentation in a bamboo container, eliminating the
need for the inoculation of buffalo milk and heating [21].
In addition, the enzymes and natural LAB contained in
the milk were preserved in unheated, unpasteurized fresh
buffalo milk. Milk was then placed in a bamboo con-
tainer and covered with a banana leaf. The sample was
aged overnight, allowing mesophilic microorganisms
to cause fermentation [34], leading to coagulation [15].
Fermentation of the curd typically occurs between 6 and
18 h to facilitate the thickening of buffalo milk [21, 33].
In addition, the dadih fermentation process occurs spon-
taneously involving microorganisms found on the buffalo
milk used, the leaves used to cover the bamboo, and the
inner surface of the bamboo tube [17].

Based on several studies, the bamboo tube used in
dadih production has an important role in preserving the
product quality [35]. Talang bamboo (Schizostachyum
brachycladum), betung bamboo (Dendrocalamus asper),
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ampel bamboo (Bambusa vulgaris), gombong bamboo
(Gigantochloa verticillata), were often used during the
production process [36] [37]. In addition, the indigenous
Minangkabau people preferred Gombong bamboo over
other varieties [31]. Minangkabau people prefer to use
gombong bamboo for several reasons, such as its abun-
dance, and it also has a slightly bitter taste that does
not attract ants so that the curd is not swarmed by ants.
Another reason is because the Minangkabau people fol-
low the tradition that has been done by the community
for generations in making curd using this type of bamboo
[37]. Bamboo segments contain several microorganisms,
including fungi, yeasts, lactic acid microorganisms, pro-
teolytic microorganisms, and also spores. The bamboo
was then covered with a banana leaf, taro leaf, or plastic
lid, and the fermentation process was continued [37, 38].
Dadih fermentation using bamboo and fermented dadih
is shown in Fig. 1. Due to its relatively low water content,
it could be used to manufacture high-quality dadih. The
bamboo was cut to a diameter of 5 to 8 cm and a height
of 20 to 30 cm, and the perforated hole at the top was
roughly the size of a human finger. The tube was further
cleaned and reversed to eliminate any remaining debris
[36]. The hygroscopic of bamboo to prevent the product
from separating into whey and ants, and it contained sev-
eral types of microorganisms that fermented milk organi-
cally into dadih [31, 39]. Banana leaves were used to
generate the optimal facultative anaerobic environment
for the fermentation process and to prevent undesirable
contamination. Rubber bands and banana bark were then
employed to bind the cover [28].

Traditional dadih processing, which relies on a sponta-
neous fermentation process, makes the dadih produced
have characteristics and shelf life inconsistency, in gen-
eral at room temperature has three days only [40]. Dadih
stored at low temperature and can prolong the dadih
shelf life up to 30 days [41].

Nutritional content of dadih

The nutritional value of buffalo dadih varied by type of
buffalo milk and the manufacturing region [42]. The
nutritional profiles of buffalo milk and dadih are pre-
sented in Tables 1 and 2. Apart from water and fat, prac-
tically all components of buffalo milk dadih were higher
compared to cow’s milk dadih (Table 2). The water con-
tent of the two dadihs was nearly identical, ranging
between 75.26% and 76.74%. However, the fat level of
the cow’s milk variant was greater compared to the buf-
falo milk variant. This was because the fat content of cow
milk was altered before its processing into the product.
The fat content in dadih was increased by the evapora-
tion of up to 50% of the initial volume and the addition
of cream or skim milk to boost the fat-free dry matter of
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cow milk. Several studies have shown that buffalo milk
dadih contained more protein compared to cow milk var-
iants [43—-45]. This was because buffalo milk contained
more naturally occurring protein compared to cow milk
[44].

Table 3 and Fig. 2 show that dadih from various regions
contained various types of LAB. Bacteria transformed
milk into dadih and consumed milk proteins during
curd fermentation. Therefore, protein hydrolysis could
promote the yield product, LAB growth, and simpler to
digest compared to raw milk. Based on previous stud-
ies, some of the bacteria contained in the curd included
Lactococcus, Klebsiella, Proteus, Acetobacter, Bifidobac-
teriaceae, Leuconostoc, Enterobacteriaceae, Streptococ-
cus, Enterobacteriaceae, Lactobacillaceae, Acinetobacter,
Oxalobacteraceae, Vagococcus, and Lactobacillus [17].
The varying content of LAB in curd provides potential as
a probiotic, and the effects on body health are discussed
in the health benefits section (Fig. 3). Meanwhile, yeast
has found in dadih including Saccharomyces cerevisiae,
Kluyveromyces marxianus, and Candida metapsilosis. In
addition, C. metapsilosis was the most frequently found
[22].

Health benefits of dadih

Increase body immunity

Zeng et al. and Chattaraj et al. show dadih for maintain-
ing intestinal homeostasis was a function of the commen-
sal bacteria present in the normal microflora. In addition,
reductions in the diversity and quantity of commensal
bacteria often led to gastrointestinal dysbiosis, which
increased the pathogens number, induced inflammation,
and contributed to colorectal cancer development [46,
47]. By stimulating the formation of pathogen-specific
memory, probiotics could be used to modulate, regu-
late, and prevent immune responses [48—50]. The inves-
tigation was using 8-week-old male BALB/c mice. Dadih
was administered to mice at dosages of 112 mg/20 g BW
for a total of 8 weeks. Gram-positive bacteria in dadih
were mostly L. lactis subsp. lactis, by 3x10” CFU. Fur-
thermore, an increase in both the pro-inflammatory
cytokines (IL-1f and TNF-a) and anti-inflammatory
cytokines (IL-10) was observed. This phenomenon shows
that curd has the potential for immune system mainte-
nance of mice as experimental animals [51]. The immu-
nomodulatory effect of LAB in dadih was demonstrated
in the supplementation of underweight Indonesian pre-
school children with E. faecium 1S-27626 (2.31 x 10°
CFU/day in 125 mL low-fat milk). The results showed
that after 90 days of supplementation, salivary secretory
immunoglobulin A (sIgA) increased (p < 0.05) Weight
growth was found in children with normal BW, sug-
gesting that E. faecium 1S-27626 could aid in preserving
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A farmer milks buffalo Preparing bamboo for fermentation place Filling bamboo with buffalo milk

Fermentation process

(28-30°C, +24 hours)

. Covering the bamboo
Fermented dadih

Fig. 1 The process of making dadih. A Fermented dadih using bamboo with a plastic cover, B dadih that has been fermented and is ready to be
consumed. Dadih that has undergone fermentation is characterized by a thicker or solid texture with a white color

intestinal integrity, thereby promoting optimal nutrition  and colonization of mucosal surfaces were possible pro-
absorption. Through competition for binding sites and tective strategies against infections [52]. After 90 days of
nutrition or immunological regulation, the adherence to  supplementation with L. plantarum 1S-10506 (probiotic)
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Table 1 Comparison of nutritional content between buffalo milk
and cow’s milk

Parameter Swamp buffalo Mud buffalo
(kerbau rawa) [34]  (kerbau lumpur)

[34]

Milk production (L/day) 1-5 6-8

Protein content (%) 514 468

Fat content (%) 7.23 4.13

Solid material without fat (%) 1061 11.50

Water content (%) 81.87 80.33

Specific gravity (kg/m3) 1.030 1.036

Total plate count (cfu/mL) 3.79x10° 5.08x10°

and zinc, the children’s humoral immune response
increased significantly, along with their zinc status [53,
54].

Dadih can be used as a probiotic that has influence
the immune system on multiple levels, including raising
cytokine and immunoglobulin levels, mononucleose
cell proliferation, macrophage activation, natural killer
cell activity, modifying self-immunity, and promoting
immunity against harmful bacteria and protozoa [55]. T
cell cytokine generation and lymphocyte proliferation
were inhibited in the presence of probiotics. Moreo-
ver, these microbes exerted these beneficial effects on
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the immune system without triggering a detrimental
inflammatory response. When multiple probiotics were
ingested simultaneously and operated synergistically,
the immune response could be improved [56]. This
effect was typically noticed when Lactobacilli and Bifi-
dobacterium spp. were mixed. Probiotics also modulate
phagocytosis in distinct ways in healthy and allergic
individuals [57]. Supplementation with L. plantarum
IS-10506 from dadih has been shown to increase sIgA
production in children under 2 years old by stimulating
TGE-PB1. The results showed that there was a substan-
tial association between fecal sIgA and TGF-B1/TNF-a
levels [58]. IgA was the first line of defense for the
intestinal epithelium against pathogenic bacteria and
enteric toxins. sIgA facilitated the clearance of anti-
gens and pathogenic microorganisms from the intes-
tinal lumen by immunological exclusion by promoting
their evacuation by mucociliary, entrapping them in
mucus, preventing their access to epithelial recep-
tors, and peristaltic processes [59]. Probiotics had the
potential to operate as immunomodulators due to their
capacity to interact with lymphocytes, macrophages,
dendritic cells, and epithelium. Dendritic cells in the
digestive system detected the L. lactis bacteria wall
components, which affected their function. LAB in
probiotics could potentially cause an inflammatory
response. The TNF-a enhancement in dadih-induced

Table 2 The nutritional content of dadih from different areas in West Sumatera

Nutrition content Buffalo milk Cow milk
Agam [35] Solok [35] Sijunjung [36] Tanah datar [37] [38]

Water (%) 8240 81.78 7545 66.09+6.00 7447

Fat (%) 8.17 7.98 6.50 570+1.73 6.39

Protein (%) 7.06 6.91 5.01 1241+1.30 562

Ash (%) 091 092 0.68 0.72+0.13 -

pH 4.80 4.76 4.47 4.55+0.21 4.80

Table 3 LAB of dadih from different areas in west Sumatera

Dadih sources (area) LAB variety References

Bukit Tinggi dan Padang Panjang Lactobacillus sp, Lactococcus sp, dan Leuconostoc sp [39]

Bukit Tinggi Lactococcus lactis subsp. lactis, Lactobacillus brevis, Lactobacillus plantarum, Lactobacillus para-  [40]
casei dan Leuconostoc mesenteroides

Limapuluh Kota, Agam, Tanah Datar, Solok L. brevis, Lactobacillus viridescens, Lactobacillus buchneri, L. plantarum, L. mesenteroides, L. [41]
paramesenteroides, S. lactis subsp. diacetylactis, Streptococcus faecium, Streptococcus rafinolactis,
Lactococcus piscium

Payakumbuh L. plantarum [42]

Sijunjung L. plantarum [43]

Padang dan Solok L. fermentum, Pediococcus pentosaceus dan Pediococcus acidilactici [44]

Solok L. plantarum [45]
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West Sumatra
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Fig. 2 Distribution and production areas of dadih in West Sumatra Province, Indonesia. This image shows the almost even distribution of dadih
throughout the West Sumatra Province, which gives rise to differences in the characteristics of dadih, especially the microorganisms involved

during dadih fermentation
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animals compared to the control group was due to the
intestinal microbiota causing dendritic cells and mac-
rophages to generate TNF-«, IL-1p, and IL-6, promot-
ing Th17 development. According to previous studies,
Th17 secretes pro-inflammatory cytokines (IL-17). The
synthesis of TNF-a, IL-12, IL-6 boosts by probiotic
bacteria while also inducing IL-10. These cytokines
were produced by several cells, including keratinocytes,
dendritic cells, macrophages, Th-2, and Tregs. IL-10
had an anti-inflammatory impact by suppressing the
Th-1.6 response, and IL-10 cytokines were shown to be
greater in dadih-induced animals compared to control
mice. Probiotics also interacted with Treg, Th2, Thl,
dendritic cells, and enterocytes in the digestive tract,
modulating adaptive immune cells to create anti- and
pro-inflammatory cytokines. IL-10, a cytokine gener-
ated by numerous cells, including Treg cells, keratino-
cytes, Th-2, dendritic cells, and macrophages, may be
induced by probiotics. IL-10 inhibits the Th-1 response
through an anti-inflammatory mechanism. In this
investigation, dadih-induced mice had greater amounts
of IL-10 cytokines than mice that did not receive dadih.
According to certain research, probiotic administration
could activate Foxp3+ Treg cells, which in turn pro-
duced IL-10 and TGF-f [51].

The number of LAB colonies in dadih is
21x10° CFU/g, according to FAO standards as a probi-
otic. Probiotic bacteria contained in dadih are Lactobacil-
lus and Bifidobacterium. Lactobacillus is a gram-positive
bacteria that is anaerobic, rod-shaped, and immobile and
is most widely used as a probiotic agent. Probiotic bac-
teria will cause immunocompetent cells (dendritic cells
and macrophage), to become activated. This will allow
the lymphoid tissue in the lamina propria to encourage
plasma cells to make IgA, which is involved in the func-
tion of the mucosal immune system. Thus, Lactobacillus
plantarum has role as an immunostimulant by producing
IgA in the mucosa. The entry of antigen orally will stimu-
late the formation of IgA, which can enter and exit the
intestinal lumen or blood circulation. Supplementation of
Lactobacillus plantarum with a higher dose may increase
immunoglobulin A levels [60, 61]. Changes in the nor-
mal functioning of the neurological system are linked to
variations in the makeup of the microbiota. According
to the theory behind the anxiety disorders, mood, and
microbiota—brain axis can be prevented as well as treated
by altering the gut microbiota through probiotic sup-
plementation. Dadih pudding, as a source of probiotics,
can help alleviate anxiety through the microbiota—gut—
brain axis mechanism. It is thought that probiotics can
be administered as an attempt to treat anxiety issues and
other psychiatric diseases, even if there are still a lot of
variances in clinical trials [62].
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Prevent enteric pathogenic bacteria

Based on a previous study, 29 bacteria colonies originat-
ing from dadih were isolated, described, and identified.
The colonies consisted of 1 isolate for Bacillus anthracis,
Bacillus thuringiensis, Enterococcus durans, and Lactoba-
cillus delbrueckii, 7 isolates of Klebsiella pneumonia, 13
isolates of Enterococcus faecalis, and 5 isolates of Lacto-
bacillus plantarum. This analysis was carried out using
genotypic characterization by molecular PCR analysis.
Strong inhibition activities were shown by Lactobacillus
plantarum, specifically inhibited S. enteritidis 4301/15
and S. enteritidis Strain ATCC BAA-727 [29]. The human
intestine contained naturally occurring microorganisms
that has important function in the digestion process [63].
Several bacteria in the digestive tract were frequently
identified as pathogenic bacteria that caused chronic dis-
ease [64].

L. casei Subsp. casei R-68 (LCR68) and L. casei strain
Shirota (LCS) suppressed the development of E. coli
FENCC-19, L. monocytogenes FNCC-0156, S. aureus
FNCC-15, and but not S. typhi. LCS and LCR68 antibac-
terial activity has heat resistant (60-95°C), and enzyme
resistant including proteolytic enzymes and amylase but
highly sensitive to pH (pH 4-9). The antibacterial ingre-
dient of LCS and LCR68 was acetic and lactic acids. The
inhibitory mechanism against pathogenic bacteria by
antibacterial compounds found in cell-free supernatants
was most likely induced by organic acid, specifically lactic
acid, which created an acidic environment in the growth
medium. LCS was reported to have a lower pH value
compared to LCR68, leading to a larger inhibition zone
since harmful bacteria could not thrive in acidic condi-
tions. The capacity of LCR68 and LCS to prevent the
growth of harmful bacteria was most likely due to organic
acids. Lactobacillus casei was a facultative homofermen-
tative LAB that produced two lactic acid molecules for
every glucose molecule. In addition, it created minor
amounts of acetate, ethanol, and diacetyl [65].

Dadih’s LAB, such as L. paramesenteroides R-45, S. lac-
tis subsp. diacetylactis R-22, and S. faecalis subsp. lique-
faciens R-19, possessed antibacterial action inhibited all
spoilage and pathogenic bacteria [66]. In addition, their
activity against Escherichia coli was lost when the super-
natants’ pH was increased from 7 to 11 [65]. These LABs
acquired their antibacterial action from organic acids,
particularly lactic acid, which was created during their
growth by the breakdown of simple sugars [67]. Bacteri-
ocin gave the other LAB strains their inherent antibac-
terial characteristics. This was shown by the fact that
inhibitory zones did not disappear when pH was adjusted
to 11. The antibacterial activity of dadih LAB superna-
tants was robust at various pH levels and temperatures.
Dadih LAB’s crude bacteriocin inhibited S. lactis subsp.
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diacetylactis R-43 had the greatest antibacterial activity,
while E. coli, S. faecalis subsp. liquefaciens R-55 showed
the least [66].

According to a previous study, dadih’s 12 LAB strains
inhibited E. coli growth in a variety of zones. However,
3 strains showed antibacterial activity from lactic acid,
while 6 strains (R-41, R-45, R-55, R-19, R-32, and R-43)
have bacteriocin that has antimicrobial action. E. coli
growth was suppressed by crude bacteriocin with Strep-
tococcus lactis subsp. diacetylactis R-43 having the
strongest antimicrobial action. S. lactis subsp. diacetylac-
tis R-43 produced bacteriocin that has potential natural
preservative to inhibit E. coli [66]. Dadih also comprised
secondary metabolites, including acetic acid and lactic
acid, as well as antibiotic substances, including bulgari-
can, nicin, acidolin, and acidophylline, could suppress the
growth of harmful and destructive bacteria [51, 68].

Surono et al. [69] described the in vitro probiotic
activities of origin dadih LAB. Bacteriocin spectrum,
antimutagenicity, and bile salt hydrolase (BSH) activ-
ity of bacteria cells. L. lactis subsp. lactis 1S-16183 and
1S-10285 has bacteriocin activity and can inhibit Listeria
monocytogenes ATCC 19112 and E. coli 3301. Meanwhile,
L. brevis 1S-26958 had high BHS activity and can inhibit
S. aureus IFO 3060, L. monocytogenes ATCC 19112, and
E. coli 3301. All 10 dadih lactic strains showed bile toler-
ance and in vitro acid, showing probiotic activity. Lacto-
bacillus plantarum, origin LAB from Kerinci dadih, can
inhibit S. aureus strain ATCC 25923, E. coli strain ATCC
35401, S. enteritidis strain ATCC BAA-711, and S. enter-
itidis strain 4301/15 [29].

Syakur et al. [70] showed three isolates from dadih can
inhibit and S. typhi, E. coli and S. aureus. Gram-nega-
tive bacteria were more resistant to antimicrobials than
gram-positive bacteria (S. aureus) due to several mecha-
nisms of resistance. These included the outer membrane’s
permeability barrier qualities, which slowed down the
entry of antimicrobial chemicals, and certain resistance
mechanisms, which rendered the substance inactive. This
prevented the compound from binding to the intracellu-
lar side or penetrating the cytoplasmic membrane. The
discovery prompted more investigation into the power-
ful indigenous LAB engaged in dadih fermentation, with
the goal of avoiding contaminants and pathogens from
both milk and the environment. New natural probiotics
selection that blocked or displaced a specific pathogen
could be exploited for further evaluation, human clini-
cal interventions, and product development, aimed at
preventing or treating pathogen-related infections. This
improved favorable economic impact and human health,
particularly in underdeveloped nations, such as Indo-
nesia. Consequently, the microbes showed potential as
future probiotic candidates. LAB inhibited pathogens
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and against infection by acting as a natural competitive
barrier in the gastrointestinal system [31, 71]. Probiotics
and their metabolite activity have positive health effects,
including intestinal microbiota stabilization, pathogen
antagonism, and increased immunological response,
which contributed to improved overall health [53].

Maintaining a healthy microbiota is crucial for shield-
ing the host from gastrointestinal disorders. The usual
gut microflora undergoes radical changes during epi-
sodes of acute diarrhea, including a decrease in Lac-
tobacillus, Bacteroides, and Bifidobacterium species.
Probiotic medication may alter the host’s microbial bal-
ance and lessen acute episodes of diarrhea, according to a
number of studies. A clinical investigation on the subject
examined the impact of Pediococcus pentosaceus (P. pen-
tosaceus) on the frequency of diarrheal mouse stools, the
balance of gut microbiota, and TNF-a levels [72].

Lowering blood cholesterol levels

Dadih contained probiotics that could decrease blood
cholesterol levels by reducing cholesterol absorption
in the intestines. Cholesterol trapped bacteria cell wall
membranes after being assimilated by the probiotics
in dadih, which were responsible for lowering choles-
terol. Decreased absorption of this compound in the
small intestine was followed by its entry into the cecum
and subsequent elimination in the stool. Probiotics also
lowered their levels in vitro by converting cholesterol to
coprostanol using cholesterol reductase [73]. Dadih was a
probiotic that could be used to treat diabetes, atheroscle-
rosis, and lower blood cholesterol.

Recent research has shown that the provision of dadih
in pudding consumed by type 2 diabetes mellitus (T2DM)
patient can significantly reduce the patient’s blood sugar
levels. but there is a condition that regularly follows a diet
with dadih as a pudding [74]. Probiotics in dadih can help
regulate the hormonal balancing of insulin and glucagon
[75], and regulate of blood glucose levels by increasing
the activity of insulin and decreasing the activity of gluca-
gon, probiotics can help lower blood sugar levels [76].
Meilia et al. investigated the dadih-fortified vitamin D3
on hs-CRP levels and caecum cholesterol concentration
in T2DM mice [73]. Vitamin D3 in dadih intervention
was reported to be more effective compared to a single
intervention in terms of anti-inflammation, which could
be related to increased caecum cholesterol content. Dad-
ih’s mechanism could decrease cholesterol through pro-
biotics that digested cholesterol, leading to its entry into
bacteria cell walls membrane. The cholesterol absorption
decreased in the intestine, and it entered the caecum and
was eventually eliminated by feces [16, 77].

Probiotics absorb cholesterol and transport it into the
probiotic cells membrane. Consequently, its absorption



Pramana et al. Journal of Ethnic Foods (2025) 12:1

in the intestine decreased and the cholesterol entered the
cecum to be disposed of with stools [16, 78]. Probiotics
could lower cholesterol levels in vitro by converting them
to coprostanol via cholesterol reductase. This disorder
caused an increase in cholesterol excretion in the feces
while decreasing plasma levels [79]. Caecum cholesterol
expelled through feces and an increased cholesterol con-
centration ejected from the body reduced the number
of bile acids returning to the hepatic cycle, and those in
blood circulation were used to synthesize new bile acids
[77, 80]. The very significant inverse relationship between
hs-CRP levels and caecum cholesterol could be explained
by a decrease in circulating cholesterol levels, which cor-
responded to a decrease in inflammation [73].

Pato et al. [23] showed that fermented milk containing
L. lactis subsp. lactis 1S-10285 significantly lowered total
bile acids, LDL cholesterol, and blood total cholesterol.
Phospholipid and triglyceride levels were considerably
lower in rats fed fermented milk of L. lactis subsp. lac-
tis 1S-1020se85 compared to the fed milk and fermented
milk of L. lactis subsp. lactis 1S-29862. L. lactis subsp.
lactis 1S-10285’s hypocholesterolemic impact was linked
to its ability to limit bile acid reabsorption into the enter-
ohepatic circulation while also increasing bile acid excre-
tion in hypercholesterolemic rats’ stools.

Serum ferritin levels before and after therapy did not
differ (p=0.191) in adolescent girls aged 12—15 who were
given dadih to avoid iron deficiency anemia. Although
administering 100 g of curd on its own has not been
shown to raise serum ferritin and hemoglobin levels, it is
still necessary to take this precaution to avoid iron defi-
ciency anemia [81].

Anti-inflammatory properties

Kodariah et al. [51] showed bacteria found in curd was L.
lactis subsp. lactis. This microbe could enhance levels of
pro-and anti-inflammatory cytokines, but the pattern of
cytokines did not change with dadih. The proportion of
cytokines in the dadih group was higher compared to the
without dadih treatment, including 34% for TNFa and
33% for IL1B and IL10. In addition, the levels of TNFa,
IL1B, and IL10 cytokines were higher in rats given dadih
compared to the control group. Inflammatory responses
could be caused by the presence of LAB (probiotics).
This effect was evident in the increase in TNFa among
card-induced mice compared to controls because the gut
microbiota stimulated dendritic cells and macrophages
to produce IL6, IL1B, and TNFaq, as well as induced dif-
ferentiation of Th17. The microbe had also been reported
to have a role in the inflammatory cytokines secretion,
such as IL17. Several probiotics could enhance TNFa,
1112, and IL6 production.
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Buffalo milk fermentation created a peptide ranging
from 4 to 20 kDa that resisted free radicals caused by
pancreatic beta-cell apoptosis and chronic inflammation
[82]. LAB could balance the gut flora, inhibiting the syn-
thesis and lipopolysaccharides secretion. The LPS reduc-
tion content in the intestinal epithelium led to a decline
in pro-inflammatory cytokines [83]. Dadih included LAB,
which had the potential to lower blood-CRP levels and
increase several anti-inflammatory cytokines production.
These microbes also had the potential to decrease COX-2
expression, an enzyme that catalyzed the production of
prostaglandins from arachidonic acid, thereby stimulat-
ing inflammatory processes and cell proliferation [84].
LAB balanced the intestinal flora, hence inhibiting LPS
synthesis and secretion. A decrease in LPS levels in the
intestinal epithelium led to a decrease in pro-inflamma-
tory cytokines. Probiotics could also create SCFA in the
colon, which lowered CRP enzyme synthesis in the liver
[73, 85].

Lactose hydrolysis in the untreated “dadih” was also
observed, most likely as a result of the microorganisms
fermenting within the “dadih” On day 7, however, the
untreated sample’s hydrolysis of lactose was just margin-
ally greater than 20%, resulting in a reduction of lactose
from 3.63 to 2.9%. In order to reduce the lactose content
of dadih’>70%, a limit deemed acceptable for lactose-
intolerant consumers, modified “dadih” was prepared
using Lactozym 3000L with a final activity of 1 ml/l. The
enzyme-treated modified “dadih” has a lot of promise for
commercialization because lactose-intolerant consumers
in the Asian region have created a large market gap [86].
Another study showed the effect of curd probiotics on
MDA levels in diabetic rats with alloxan induction. MDA
levels were measured on the 18th day. Curd probiotics at
doses of 1.87 g/200 gBW and 3.74 g/200 gBW can reduce
MDA levels in experimental rats [87].

Anti-mutagen properties

Dadih had numerous antimutagenic strains, includ-
ing L. plantarum 1520506 and E. faecium 1S27526.
The return of TrpP1 in fecal samples from Enterococ-
cus faecium 1527526 fermented milk was significantly
lower compared to other groups. In addition, it was
used to verify the antimutagenicity of cultured milk
in vivo. The method could comprise bacteria cell bind-
ing, leading to a substantial decrease in TrpP1 recovery
in stool samples [88]. The chemical binding of muta-
gens in LAB was observed, which was the binding of
heterocyclic amines to the cell wall. Several reports
showed that this was allegedly attributable to a cation
exchange mechanism [89] or protein [90]. Binding was
a physical mechanism, and inactive mutagens were
bound [91]. Adhesions were an essential component of
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the probiotic LAB that could colonize the gastrointes-
tinal tract [88]. Some strains of dadih LAB have high
binding properties toward the mutagenic pyrolysate
Trp-P1. Lactic bacteria cell walls were composed of
peptidoglycan and several types of polysaccharides.
These microbes were associated with bile tolerance as
well as binding properties towards mutagens [33, 69].
Lactobacillus casei subsp. casei R-68 (LSR68) had the
potential to be anti-cancer because LAB had antimuta-
genic properties by binding mutagenic compounds,
such as N-nitrosodimethylamine (NDMA), N-nitros-
odiethylamine (NDEA), N-nitrosopyrrolidine (NPYR),
N-nitrosopiperidine (NPIP) [92], and Trp-P1 [88]. LAB
antimutagenic properties were mediated by the bonds
formed between carcinogens or mutagens and the
inherent peptidoglycan. Mutagens and carcinogens that
were bound were eliminated by feces and urine [93].

Decreasing the production of free radicals

Based on a previous study, consumption of dadih, such
as 4.5 g once a day and 4.5 g twice a day for 42 days, was
not significant for MDA reduction but was higher in the
control group. MDA production could be inhibited by
4.5 g of dadih intake per day [14]. Several studies showed
that probiotics had scavenging action as an antioxidant
by decreasing the production of free radicals during oxi-
dative processes. In addition, dadih inhibited lipid per-
oxidation through the aforementioned method due to its
peptides and LAB, which could prevent the production
of ROS [94]. Dadih’s probiotics were commensal micro-
organisms, which could affect antioxidants by decreas-
ing the activity of enzymes producing ROS, altering the
antioxidant activity of hosts, producing antioxidants, and
connecting metal ions [95, 96]. This showed that dadih
inhibited the formation of MDA due to oxidative dam-
age produced by an increase in free radicals caused by
aging [14]. According to a previous study, it could dimin-
ish renal interstitial fibrosis through various mechanisms.
TGF-B1 played an essential role in renal fibrosis, where
it controlled ECM production and increased fibrogenic
bFGF2 levels. In the early phase of fibrosis, TGF-f1
expression served as a chemoattractant for fibroblasts
and also caused smooth muscle cells through the produc-
tion of ECM proteins and the transition of tubular epi-
thelial cells into myofibroblasts [14]. MDA could cause
cell damage in various ways, and its level in rats’ bodies
reflected the amount of free radicals created by lipid per-
oxidation. The results showed that intracellular cell-free
extracts, intact cells, and culture supernatant increased
antioxidative enzyme activity in serums while signifi-
cantly lowering MDA levels in both serums and the liver
[95].
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Antihypertensive properties

L. plantarum ssp. plantarum DG17 and L. lactis ssp.
lactis DK12 were highly effective ACE inhibitors when
isolated from dadih. In the peptide profiles of these iso-
lates, 2 lower molecular weight bands ranging from 12
to 14 kDa were identified and presumed to be antihy-
pertensive peptides. Due to the presence of V residue
at the N terminal and F residue at the C terminal, 1 of
the peptide sequences produced from Lactobacillus
plantarum ssp. plantarumDG17 exhibited significant
ACE inhibitor activity. In addition, there was no signifi-
cant difference (P>0.05) in inhibition properties. Both
isolates showed strong activity, namely 60.796.2% and
61.987.8%, respectively, but lower than the control (cap-
topril). There were no significant variations between
the IC50 values of the 2 isolates, namely 439.9 pug/mL
and 442.2 pg/mL, respectively. The inhibitory activity
was primarily due to the formation of bioactive pep-
tides during fermentation. Recent studies showed that
diverse LAB-fermented milk types contained peptides
with varying ACE inhibitory actions [97, 98]. Dur-
ing fermentation phase, the LAB proteolytic system
degraded the existing protein, depleting the bioactive
peptide structural mechanism, and releasing amino
acids and peptides to enable their growth. Due to the
formation of bioactive peptides during fermentation
process, dadih-derived isolates exhibited high ACE
inhibitory activity (50%). Although their inhibition
activity was less than that of a synthetic ACE inhibitor
(captopril), the result showed that these isolates had the
potential to produce antihypertensive peptides for fur-
ther investigation. L. plantarum ssp. plantarum DG17
and L. lactis ssp. Lactis DK12 isolates from dadih had
the potential as starter culture in functional fermented
milk [99].

Immunomodulating peptides, phosphopeptides, and
antihypertensive peptides were the most popular bio-
active peptides for use in meals designed to deliver
specific health advantages. Angiotensin-I-converting
enzyme (ACE; kininase II; EC 3.4.15.1) was a multi-
functional ectoenzyme found in several tissues that
regulated the levels of multiple endogenous bioactive
peptides [98]. ACE was classically connected with the
renin-angiotensin system, which regulated peripheral
blood pressure by catalyzing the generation of the inac-
tivation of the vasodilator bradykinin and vasoconstric-
tor angiotensin-II. Previous studies showed that ACE
inhibition primarily had an antihypertensive proper-
ties, but it could also affect several regulatory systems
related to nervous system activity, immunological
defense, and blood pressure [100].
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The development and potential of milk curd as functional
foods

Dadih is quite famous in West Sumatra, Jambi, and Riau.
However, in its development, Dadih has begun to be
abandoned by the local community. In fact, the younger
generation is almost unfamiliar with dadih, even though
dadih has great potential as one of the functional foods
that are sources of probiotics. Malaysia and Japan have
utilized bacteria isolated from dadih to produce fer-
mented milk commercially. Given that the number of
buffaloes is declining and the continued fall in buffalo
milk production in the dairy producing area, the usage
of buffalo milk as a raw material must be taken into con-
sideration. In 2004—2009, the buffalo population in West
Sumatra decreased quite significantly from 322,692 to
52,927. This condition automatically reduces buffalo milk
production. Buffalo milk as the raw material for dadih in
West Sumatra is obtained from swamp buffalo. This type
of buffalo is raised primarily as working livestock and
for meat production, but in some areas it is also milked
(Bahri and Talib 2008; Wirdahayati 2008). Swamp buffalo
milk production ranges from 1-2 1/day (Mason 1974). In
order to maintain the production of curd, it is necessary
to find substitutes for buffalo milk, such as using cow’s
milk. This will help solve the drop in buffalo milk produc-
tion. Nevertheless, curd manufacturing requires technol-
ogy since buffalo milk differs from other livestock milk in
certain ways [38, 101].

The process of coagulation of buffalo milk is caused by
acids produced from the breakdown of carbohydrates in
milk by microbes. The making of curd can be modified by
using cow’s milk that has been treated first, for example,
homogenized and concentrated by evaporating the milk
until the volume decreases. The process of evaporating
cow’s milk in making curd can be done using a vacuum
evaporator or by heating it manually [38]. The best evap-
oration rate in making curd is 50% of the initial volume,
which produces cow’s milk curd that has an appearance
and characteristics resembling buffalo milk curd [102].
The curd production process by using cow’s milk that
was evaporated up to 50% of the initial volume to obtain
total solids that resemble buffalo milk and adding probi-
otic bacterial starters L. plantarum, L. acidophilus, and B.
bifidum. The best starter concentration for making curd
is 3% (v/v), which produces better texture and clots than
concentrations of 4% and 5%. The differences in physi-
cal and chemical characteristics between cow’s milk and
buffalo milk cause the curd produced to be different. The
texture of cow’s milk curd tends to be softer than buftalo
milk curd, which has a compact and dense texture. To
obtain cow’s milk curd that resembles buffalo milk curd,
cow’s milk is given food additives that act as thickeners or
coagulants [103]. To obtain solid and compact cow’s milk
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curd, proteolytic compounds that coagulate milk casein,
such as enzymes extracted from plants or produced
by microbes and probiotics, can also be used to further
increase the functional value of cow’s milk curd, in addi-
tion to forming better product flavor components [38].

Controlled fermentation process using single or com-
bination starter cultures in appropriate amounts, quality,
and well-maintained is an important factor to produce
good quality, consistent, and safe to consume curd. Start-
ers for food fermentation in Indonesia are generally
available in liquid form in glass bottles with cotton caps
[104]. Cultures in liquid form are easily contaminated,
their potential decreases rapidly during storage, and they
are difficult to handle. The use of liquid starter cultures
requires special handling to avoid contamination. The
development of dry starter cultures in granular form can
make it easier for consumers to handle, store, and apply
them. Drying the culture by microencapsulation (encap-
sulation) can make it easier to handle the starter, control
the fermentation process, and ensure product quality
consistency. Starters in dry form also facilitate distribu-
tion/transportation because the microbes do not lose
their activity and extend their shelf life [105].

Based on BPOM (Indonesian Food and Drug Author-
ity), functional foods are meals that contained one or
more substances that, based on scientific studies, were
thought to have certain physiological functions with
potential benefits for health [106]. These compounds
could be found in foods naturally or through a process.
At present, buffalo milk curd was believed to have a ben-
eficial effect on health. Claims for LAB isolated from curd
as a disease prevention agent (prophylactic) and therapy
(therapeutic) had also been made [69]. Health benefits of
dadih had been explained in the previous section, con-
sidering that it had the potential as functional foods that
could be developed into a commercial product and could
be widely marketed to consumers. At present, dadih was
produced on a small scale and in a conventional way.

Dadih is still produced using a traditional method that
relies on spontaneous fermentation. As a result, there is
no control over the substrates, processes, storage, pack-
aging, or sanitation, which encourages the growth of
pathogenic or rotting microbes. The microbial popula-
tions linked to fermentation may be impacted by the
cleanliness of the utensils, water, ingredients, substrates,
and surrounding environment (such as temperature
and humidity). Additionally, excellent hygiene practices
can also have an impact. A properly managed fermenta-
tion process often ensures the creation of a product that
is safe for the end user. Natural LAB found in Delhi can
protect against foodborne illnesses brought on by unsan-
itary settings. Dadih is made safer for consumers by the
LAB, which starts the acidification process in the buffalo
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milk as raw materials by generating bacteriocins, aro-
matic compounds, and organic acids to prevent patho-
genic and spoiling germs [18, 31, 107, 108].

Construction of business and product design of dadih

In general, dadih had special characteristics, including a
thick consistency, a smooth texture, and a pleasant fla-
vor, offering milk nutrition [109]. The restricted shelf life
and marketing challenges associated with dadih items
packaged in bamboo tubes impeded market penetra-
tion. Therefore, a change in its packaging was expected
to enhance sales and retain a shelf life comparable to
that of other fermented milk product [110]. In reality, its
development must strengthen the product’s appeal and
encourage distribution to boost the selling power [111].
Gathering all reviews enabled producers to identify the
product’s shortcomings and strengths, thereby enhanc-
ing the quality. Opinion mining could show issues in
evaluating the quantity of customer studies on product
features. The objective of opinion mining was to discover
whether the consumer reviews were positive, negative,
or neutral [112]. The technology of opinion mining had
several practical applications. Individuals who intended
to purchase a product could benefit from opinion min-
ing by viewing a summary of available user opinions that
aided in decision-making. This information was useful
not just for marketing and product comparison but also
for product development and design [113]. A previous
study regarding dadih development used business intel-
ligence architecture and Naive Bayes classifier to map
consumers’ emotional demands. The results of the inves-
tigation showed the direction of consumers’ opinions and
the principles for the emotive design of dadih items. The
consumers’ affective needs for the dadih development
items were classified by ergonomics, shape, texture, label,
color, and typeface. Based on these affective demands,
there were the top ten rules of analysis using Association
Rule Mining (ARM), and the affective design of dadih
items was based on an ergonomic design, a complete
label, a positive opinion, and a large text size [110].

Development of packaging of dadih

Packaging and storage are a single process that is closely
related to maintaining the quality of food products and
increasing their appeal, in addition to increasing their
shelf life. Marketing of dadih from Riau to Malaysia is still
constrained because the packaging is still conventional so
that the shelf life is relatively short, which is only 3 days
[114]. Dadih from cow’s milk in plastic tube packaging
with Streptococcus lactis starter has a shelf life of 15 days
at room temperature [115]. Dadih packaged in plastic
tubes is easier to carry and more attractive, in addition to
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being able to provide information on the nutritional con-
tent and product ingredients.

Buffalo milk curd in polyvinyl propylene (PP) plas-
tic tubes is still suitable for consumption up to the 9th
day, while it is 6 days for bamboo tubes [114]. In addi-
tion, curd packed in polystyrene plastic had a lower total
number of bacteria and L. plantarum compared to curd
in bamboo tubes, but consumers preferred curd in bam-
boo tubes [116]. Clay packaging (earthenware) is com-
monly used in Malaysia in the traditional manufacture of
curd using inoculum [86]. Research is related to the use
of various packaging to determine the quality of cow’s
milk curd during storage at room temperature (27-30 °C)
and cold temperature (4 °C). The best packaging for cow’s
milk curd is a pouch and cup packaging made of poly-
propylene plastic. In this packaging, curd can be stored
for up to 24 days at cold temperatures and 8 days at room
temperature. In this packaging, L. casei bacteria are able
to maintain their viability in the product at more than
108 cfu/ml [102].

To extend the shelf life, dairy products, including curd,
are usually stored at low temperatures (4 °C). Storage at
room temperature or in inappropriate conditions causes
dairy products to be easily damaged because milk con-
tains high nutrients so that it is easily overgrown by
destructive microbes. The shelf life of buffalo milk curd
made by applying pasteurization technology, hygienic
preparation of bamboo tubes for packaging, and the use
of L. casei starter culture show that curd with L. casei
starter is a probiotic product because it has a population
of 1013 cfu/ml, and curd can be stored for 7 days at room
temperature and 20 days at cold temperatures without
damage [117]

In several ways, the appearance of a product influenced
consumers selection. To pique the interest of consumers
in consuming dadih, it was essential that the packaging
must be aesthetically pleasing. Therefore, enhanced dadih
packaging was expected to grow its market, lengthen its
shelf life, and facilitate consumption. The definition of
Kansei Engineering (KE) was a system that turned con-
sumer sentiment into design standards. Using KE, this
study analyzed packaging elements and designed dadih’s
product based on consumers preferences.

Principal component analysis (PCA) was used as the
method to identify the product and package appearance
elements to ascertain the typical essential characteristics.
The outcome showed design support for determining the
appropriate combination of product form elements in
terms of specified product strategy sets. The use of these
methodologies was expected to yield ideal formulations
for the design of dadih product based on each personal-
ity type to produce appealing, inventive, and consumer-
preferred dadih product while minimizing the chance of
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market failure for new designs. This study explored and
designed the product packaging system using KE. In
addition, there were 4 stakeholders in the system, includ-
ing producers, customers, and the product creator. Vol-
ume, transparency, label, material, shape, typography,
color, and height-to-weight ratio were the results of cat-
egorizing the design of package appearance elements into
8 categories based on the identification of dadih product.
In addition, the shape and color of the packaging were
classified according to the container’s top and body. This
study also identified 3 design techniques for dadih prod-
uct, including modern, economical, and distinctive. The
appearance techniques from the packaging could be used
by designers to create packaging designs with the char-
acteristics that distinguish the product while limiting the
risk of market failure [111]. Various conclusions were
reached due to in this study due to the pre-established
objectives. First, the descriptive norm had a strong and
positive effect on traditional consumption of functional
foods. Second, perceived behavioral control had a posi-
tive and significant effect on the consumption of tradi-
tional functional foods. Third, the perceived threat of
NCD did not alter the use of traditional functional foods.
Fourth, the frequency of healthy food community group
meetings had a large and positive effect on the consump-
tion of traditional functional foods. However, neither the
frequency of healthy food extension instruction nor the
frequency of healthy food-related newspaper and maga-
zine use affected traditional functional foods consump-
tion. Lastly, the frequency of use of healthy food-related
websites and healthy food-related social media did not
influence traditional functional foods consumption.
According to this study’s conclusions, the government
and/or companies must consider 2 practical implica-
tions to increase consumption. First, it was essential to
facilitate the consumption of traditional functional foods.
Second, it was critical to develop an extension education
strategy that included a prominent person or leader in
the community as well as healthy food community group
meetings [10].

Conclusion

In conclusion, buffalo had been an essential animal
for the Minangkabau people for centuries due to the
resourcefulness of its part, including as a food source.
In addition, dadih had been extensively explored
for its possible health advantages, both in vitro and
in vivo. The indigenous LAB in dadih exhibited immu-
nomodulatory, antioxidant, antimutagenic, hypocho-
lesterolemic, and antibacterial activities. Indigenous
microorganisms, such as LAB and yeasts, present in
bamboo tubes and buftalo milk contributed to the flavor
and texture of dadih. Diverse qualities of the product
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were also detected due to spontaneous fermentation
and the different microbe compositions in buffalo milk
and bamboo tubes employed in fermentation. Dadih
was expected to gain importance in the food business
in line with various developments. The several health
benefits of curd and its good nutrition for humans
were an added value for curd to be preserved because it
had the characteristic of being a functional Indonesian
food. Although dadih is currently sold commercially, it
is generally sold in traditional packaging using bamboo
so that the shelf life is limited, which results in limited
sales distribution. This results in dadih only being sold
in certain areas in West Sumatra Province. Dadih has
the potential as a functional food, so further identifi-
cation is needed regarding specific probiotic bacteria.
Although these bacteria originate from West Sumatra,
they can be preserved to become a starter for Dadih
fermentation in other areas in Indonesia, so that the
commercialization of dadih can reach wider areas. In
the end, the promotion of dadih becomes more massive
and more widespread, so that dadih as an Indonesian
cultural heritage can be preserved.
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