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ABSTRACT

Background: The Indonesian Makan Bergizi Gratis (MBG) program aims to combat child malnutrition
through mass school feeding. However, transitioning from domestic to industrial-scale production
introduces significant "Large-scale Food Hazards" where culinary technique failures serve as primary
toxicological independent variables.

Objective: This study systematically evaluates the nexus between professional cookery techniques and
clinical poisoning outcomes to propose a "Safe-Cookery Framework" for the MBG supply chain.

Methodology: Following PRISMA 2020 guidelines, a systematic review was conducted across Scopus,
ScienceDirect, PubMed, and Sinta databases. A corpus of 20 high-impact articles (2014-2024) was
analyzed using a "Process-Analytical Approach" to map Culinary Failure Points (CFP).

Results: Findings identify three critical "Fault Lines": (1) thermal lag in large-batch processing (pot
volumes >100L) leading to pathogen survival in "cold cores"; (2) improper cooling of starches
triggering heat-stable Bacillus cereus toxin production; and (3) a logistical "Golden Hour" breach where
transit >1 hour facilitates Clostridium perfringens multiplication. Chemical risks include pesticide
residue accumulation and heavy metal leaching from non-food-grade aluminum cookware.

Conclusion: Mass food poisoning in institutional catering is a predictable outcome of specific technical
failures. Policy recommendations include mandating unidirectional kitchen flows, enforcing a 5-km
delivery radius, and elevating kitchen leads to "Managerial Toxicology" certified Executive Chefs.

Keywords: Mass Feeding, Cookery Science, MBG Indonesia, Food Toxicology, HACCP, PRISMA.
ABSTRAK

Latar Belakang: Program Makan Bergizi Gratis (MBG) di Indonesia bertujuan untuk mengatasi
malnutrisi dan stunting pada anak melalui intervensi gizi skala besar. Namun, transisi dari pengolahan
skala rumah tangga ke produksi industri memperkenalkan "Bahaya Pangan Skala Besar" di mana
kegagalan teknik kuliner menjadi variabel independen utama penyebab toksisitas.

Tujuan: Studi ini mengevaluasi secara sistematis hubungan antara teknik memasak profesional dengan
luaran klinis keracunan makanan untuk mengusulkan "Kerangka Kerja Memasak Aman" (Safe-Cookery
Framework) bagi rantai pasok MBG.
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Metodologi: Mengikuti pedoman PRISMA 2020, tinjauan sistematis dilakukan terhadap pangkalan
data Scopus, ScienceDirect, PubMed, dan Sinta. Korpus yang terdiri dari 20 artikel berdampak tinggi
(2014-2024) dianalisis menggunakan "Pendekatan Analisis Proses" untuk memetakan Titik Kegagalan
Kuliner (Culinary Failure Points).

Hasil: Temuan mengidentifikasi tiga "Titik Kelemahan" utama: (1) /ag termal pada pengolahan batch
besar (volume panci >100L) yang menyebabkan kelangsungan hidup patogen pada bagian inti dingin
(cold core); (2) pendinginan karbohidrat yang tidak tepat yang memicu produksi toksin Bacillus cereus
yang tahan panas ; dan (3) pelanggaran radius logistik "Golden Hour" di mana transit >1 jam
memfasilitasi multiplikasi Clostridium perfringens. Risiko kimia mencakup akumulasi residu pestisida
dan migrasi logam berat dari alat masak aluminium non-food-grade.

Kesimpulan: Keracunan makanan massal dalam katering institusional merupakan hasil yang dapat
diprediksi dari kegagalan teknis spesifik. Rekomendasi kebijakan mencakup mandat alur dapur satu
arah (unidirectional flow), penerapan radius pengiriman maksimal 5 km, dan sertifikasi "Toksikologi
Manajerial" bagi juru masak eksekutif.

Kata Kunci: Makan Bergizi Gratis, Sains Kuliner, MBG Indonesia, Toksikologi Pangan, HACCP,
PRISMA.

I. INTRODUCTION
1.1 The Global Culinary Challenge: Mass Feeding (MBG) as a Solution and a Hazard

The implementation of mass school feeding programs, known in the Indonesian context as Makan
Bergizi Gratis (MBG), represents one of the most ambitious global interventions to combat child
malnutrition and stunting (United Nations, 2015; World Food Programme, 2023). Philosophically, these
programs are designed as a vehicle for social justice and human capital development. However, from a
culinary engineering perspective, transitioning from small-scale household cooking to mass production
introduces a "Large-scale Food Hazard" (Soon et al., 2020).

In mass feeding, the kitchen is no longer just a place of preparation but a complex manufacturing unit.
When meals are produced for thousands of recipients simultaneously, the margin for error narrows
significantly. Scholars have noted that while MBG programs successfully increase caloric intake, they
simultaneously create centralized points of failure (Smith et al., 2022). A single error in a central kitchen
can result in an exponential outbreak of foodborne illness, affecting hundreds of children within a single
lunch hour (Ababio & Lovatt, 2015). This "Global Culinary Challenge" necessitates a shift in focus
from mere nutritional adequacy to the rigorous application of Professional Cookery Science to ensure
safety.

1.2 Cookery as a Double-Edged Sword: The Toxicology of Processing

In the realm of cookery, heat, precision cutting, and storage are tools used to enhance flavor and
eliminate pathogens. However, when mismanaged, these same techniques become "double-edged
swords" that can trigger toxicological crises.

e Thermal Processing (The Heat Paradox): While adequate cooking (reaching a core temperature
of 75°C) is essential to destroy vegetative pathogens like Salmonella, improper heat distribution
in massive industrial pots often leads to "cold spots" (Park et al., 2018). Conversely, over-
processing at high temperatures can facilitate the formation of chemical toxins such as
acrylamide or heterocyclic amines, which pose long-term health risks (Ondarza et al., 2022).
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e Precision Cutting and Pre-processing: In large-scale mise-en-place, the sheer volume of
ingredients increases the risk of cross-contamination. If a chef uses the same workstation for
raw poultry and ready-to-eat vegetables without stringent sanitation, the kitchen becomes a
vector for Campylobacter and E. coli (Rocha et al., 2022).

e The Danger of Storage and Holding: The most critical "culinary failure" in mass feeding is
often the post-cooking phase. The "Temperature Danger Zone" (5°C to 60°C) is where spores
like Bacillus cereus and Clostridium perfringens germinate and produce heat-stable toxins (Tan
et al., 2021). In the MBG context, the time gap between cooking in a central kitchen and
distribution to remote schools often exceeds safe limits, turning a nutritious meal into a
toxicological hazard (Drake et al., 2020).

1.3 The Science Gap: Professional Cookery vs. Clinical Toxicology

Despite the abundance of literature on food microbiology, there is a profound "Science Gap" in
connecting specific professional cookery techniques with clinical poisoning outcomes in school feeding
programs. Current research often focuses on the "what" (the pathogen) rather than the "how" (the
specific culinary failure) (Borch et al., 2016).

Most studies in Sinta 1 journals have mapped the prevalence of stunting and the logistics of food
distribution in Indonesia (Kemenkes RI, 2023; Jurnal Gizi dan Pangan, 2022), but few have scrutinized
the chef's workflow, such as the "cook-chill" methodology or the impact of bulk-boiling on toxin
survival. There is a lack of systematic integration between the HACCP (Hazard Analysis and Critical
Control Point) protocols used in 5-star kitchens and the rudimentary cooking facilities often found in
local school environments (Soon & Wallace, 2019; Tan et al., 2021). This review aims to bridge this
gap by analyzing how culinary "craft" influences toxicological "risk."

1.4 Research Objective: A PRISMA-Based Systematic Review

The primary objective of this study is to perform a systematic review following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to evaluate 20 key articles
(comprising Scopus Q1/Q2 and Sinta 1 sources) published between 2014 and 2024.

The review seeks to:

1. Identify the most frequent culinary technique failures (e.g., improper cooling, inadequate
reheating, cross-contamination) that lead to mass poisoning in school meal programs.

2. Synthesize the toxicological profiles associated with these culinary errors.

3. Propose a "Safe-Cookery Framework" specifically tailored for the Indonesian MBG program
to mitigate risks in the mass-production supply chain.

By integrating the rigor of toxicological science with the practicalities of cookery, this article provides
a blueprint for policymakers and culinary professionals to ensure that the MBG initiative achieves its
nutritional goals without compromising child safety (FAO, 2020; Rahman & Islam, 2021; World Health
Organization, 2022).

II. METHODOLOGY
2.1 Study Design and Protocol Registration

This study follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines to ensure a robust and replicable synthesis of literature (Page et al., 2021).
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Our protocol was specifically designed to bridge the gap between Clinical Toxicology and Culinary
Engineering. Unlike standard health reviews, this methodology utilizes a "Process-Analytical
Approach," treating the mass-catering kitchen as a controlled environment where technical failures in
"Cookery" (e.g., thermal dynamics, cross-contamination, and storage kinetics) serve as the primary
independent variables (Soon et al., 2020; Tan et al., 2021).

2.2 Search Strategy and Multi-Database Interrogation

A comprehensive electronic search was conducted across four major repositories to capture both
international high-impact research and regional Indonesian insights. We interrogated Scopus (Elsevier),
ScienceDirect, PubMed (NLM), and the Sinta Database (Indonesian Science and Technology Index).

To maximize sensitivity and specificity, we engineered a complex search string using Boolean
operators, truncation, and wildcards. The search was built on three pillars:

o Pillar 1 (The Setting): Programs involving mass feeding (e.g., school meals, MBG, institutional
catering).

e Pillar 2 (The Outcome): Toxicological events or food poisoning outbreaks.
o Pillar 3 (The Process): Specific cookery techniques and "Food Flow" management.
2.2.1 The Scopus/ScienceDirect Search String:

TITLE-ABS-KEY ("Mass Catering" OR "School Feeding" OR "School Meal" OR "Institutional
Foodservice") AND ("Food Poisoning" OR "Toxicology" OR "Foodborne Illness" OR "Outbreak™)
AND ("Cooking Technique" OR "Food Flow" OR "Thermal Treatment" OR "Cross-contamination" OR
"HACCP")

2.2.2 The Sinta/Indonesian Search Strategy:

For the Sinta database (specifically Jurnal Gizi dan Pangan and Media Kesehatan Masyarakat
Indonesia), Indonesian keywords were used to capture local context:

"Keracunan Makanan" AND "Program Makan Sekolah" AND "Sanitasi Dapur" AND "Higiene
Pengolahan"

2.3 Comprehensive Eligibility Criteria (PICOS Framework)

To filter the initial hits into a high-quality 20-article corpus, we applied strict Inclusion (IC) and
Exclusion Criteria (EC) based on the PICOS framework (Moher et al., 2015):

e Population (P): Children or recipients of mass-scale government-funded feeding programs
(e.g., MBG).

o Intervention (I): Culinary processing (thermal processing, mise-en-place, large-batch cooking).
e Comparison (C): Standard food safety protocols vs. observed failures in culinary execution.

e Outcome (O): Confirmed cases of chemical or biological toxicity (e.g., B. cereus toxins, metal
migration, or pesticide residue).

e Study Design (S): Peer-reviewed empirical studies, systematic reviews, and detailed case-series
reports.
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Temporal Limitation: Articles were restricted to the period 2014-2024 to reflect current culinary
technology and modern food safety regulations (FAO, 2020; Rocha et al., 2022).

2.4 Selection Process and "Culinary Audit"
The selection followed a three-stage "Culinary Audit" process:

1. Title/Abstract Screening: Removing duplicates and irrelevant settings (e.g., household
cooking).

2. Full-Text Evaluation: Assessing the depth of "Cookery Science" in the paper. We prioritized
articles that described the flow of food from receiving to plating.

3. Consensus: Two independent researchers (Expert in Food Technology and Professor in
Culinary Management) reviewed the final list. Disagreements were resolved by a third reviewer
specialized in Toxicology.

2.5 Data Extraction and Synthesis: The "Food Flow" Matrix

Data were extracted using a standardized template. For a Q1-standard review, we did not just extract
results; we mapped the Culinary Failure Points (CFP). The extraction matrix included:

e Study Identity: Authors, Year, Country, and Journal Rank (Q1-Q4 / Sinta 1).
e Agent of Toxicity: Biological (e.g., Clostridium) or Chemical (e.g., Lead from cookware).
e Cookery Failure Phase:
o Pre-Processing: Inadequate thawing or cross-contamination during bulk cutting.
o Processing: "Cold spots" in large-volume steaming or boiling.

o Post-Processing: Temperature abuse during "Holding" (5°C - 60°C) and transport to
schools (Tan et al., 2021).

2.6 Quality Appraisal and Risk of Bias Assessment

To ensure that the 20 included articles provide high-level evidence, we applied the CASP (Critical
Appraisal Skills Programme) checklist. For Sinta 1 journals involving observational data, we utilized
the JBI (Joanna Briggs Institute) tool to assess the validity of the reported food poisoning incidents
(Soon & Wallace, 2019). Studies with high bias regarding sampling or laboratory confirmation were
excluded to maintain the integrity of the review for a Scopus Q1 audience.

II1. RESULTS AND DISCUSSION
3.1. Bibliometric Mapping: The Global and National Trajectory of Culinary Safety

The bibliometric analysis of 20 high-impact articles (2014-2024) reveals a critical evolution in the
scholarly discourse surrounding mass feeding and school-based nutritional interventions. By mapping
keywords from Scopus Q1 journals (e.g., Food Control, Nutrients) and Sinta 1 journals (e.g., Jurnal
Gizi dan Pangan), three distinct research epochs were identified, reflecting the shifting priorities of the
scientific community.
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The Microbiological Baseline (2014—2017): Research during this period was largely reactive,
focusing on post-outbreak analysis and pathogen prevalence. In Indonesia, studies identified
high levels of E. coli and Staphylococcus in school canteens, often citing poor personal hygiene
as the primary driver (Ababio & Lovatt, 2015).

The Systemic Transition (2018-2021): The discourse shifted toward the "Supply Chain" and
logistical integrity. Scholars began to argue that keracunan (poisoning) is a symptom of
fragmented logistics and procurement failures rather than just "dirty hands" (Drake et al., 2020;
Borch et al., 2016).

The Culinary Engineering Era (2022-2024): The most recent publications, crucial for the
implementation of Indonesia’s Makan Bergizi Gratis (MBQG) program, focus on "Food Safety
Culture" (Soon et al., 2020). This era emphasizes that Cookery Science—the management of
thermal dynamics, mise-en-place, and kitchen engineering—is the ultimate barrier against mass
toxicity (Tan et al., 2021; Rocha et al., 2022).

3.2. Input Analysis: Raw Material Integrity and Procurement Risks

The results from the 20-journal synthesis indicate that the first "Fault Line" in the MBG program lies

in the procurement of raw materials. In mass feeding, the sheer volume of inputs creates a cumulative

toxicological profile that can overwhelm standard kitchen controls.

Biological Inputs: Results from Nutrients (Rocha et al., 2022) and Sinta 1 data (MKMI, 2021)
show that raw poultry and local eggs are the primary vectors for Salmonella enterica. In the
Indonesian context, the shift toward local "backyard" farming—while economically beneficial
for regional development—increases the risk of antibiotic-resistant strains entering the kitchen
due to less regulated veterinary practices compared to industrial-scale suppliers (Ameen et al.,
2023).

Chemical Inputs: Bibliometric mapping of Science of The Total Environment (Ondarza et al.,
2022) highlights that bulk vegetables (kale, carrots, cabbage) often carry organophosphate
residues. In mass production, the "Culinary Washing" stage is frequently rushed or performed
without standardized surfactants, leading to an accumulation of pesticide toxins in the final
meal (Rahman & Islam, 2021).

3.3. Storage Dynamics: The "Cold Chain" vs. The "Kitchen Reality"

Storage is the stage where "Time-Temperature Abuse" often begins. The systematic review identified a

significant gap between international HACCP standards and local kitchen infrastructure in decentralized

Indonesian districts.

Dry Storage & Mycotoxins: For MBG staples like rice and corn, improper ventilation in
Indonesia’s high-humidity environment leads to the rapid growth of Aspergillus flavus.
Synthesis of Ezekiel et al. (2021) shows that Aflatoxins are a persistent, invisible threat in
school feeding programs where starchy inputs are stored in bulk without moisture control or
pallets.

Chilled Storage & Cross-Contamination: Research in Food Control (Soon et al., 2020)
identifies "overcrowding" in commercial refrigerators as a primary culinary failure. When large
quantities of raw protein (e.g., 50 kg of beef) are stored above fresh produce, the "drip factor"
introduces pathogens into the "fresh" input cluster, bypassing later washing stages.
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3.4. Critical Cookery Stages for Poisoning: A Technical Deep-Dive

The synthesis of the selected articles indicates that in the MBG program, poisoning is not a random
event but a predictable result of "Culinary Fault Lines" during processing.

3.4.1. The "Mise-en-place" Crisis: Cross-Contamination and Biofilms

In the massive scale of MBG, where kitchens process 500+ portions daily, the "Preparation" or mise-
en-place stage is the primary site of biological contamination.

e The Tool-Surface Vector: According to Ameen et al. (2023), up to 45% of cross-contamination
incidents in institutional kitchens stem from shared cutting surfaces. In Indonesia, MKMI
(2021) highlights that porous wooden cutting boards harbor pathogens like Listeria and
Salmonella that survive standard manual washing.

¢ Biofilm Dynamics: Scopus Q1 research by Soon & Wallace (2019) explains that bacteria form
"Biofilms" on stainless steel surfaces within minutes. In a high-pressure MBG environment, if
tools are not sanitized between raw protein processing and vegetable preparation, the risk of a
mass outbreak reaches nearly 80%.

3.4.2. Thermal Dynamics: The Thermal Death Time (TDT) Failure

In mass-boiling (e.g., Sayur Lodeh or Semur), the volume of the pot (often exceeding 100 liters) creates
a "thermal lag." The synthesis of Park et al. (2018) shows that while the surface of the liquid may reach
a rolling boil, the "Cold Core" of a large meat batch or thick sauce may not reach the required 75°C for
the 2 minutes necessary to kill Salmonella and Campylobacter.

3.4.3. The Cooling Phase: The Silent Killer (Bacillus cereus)
The most dangerous stage in the MBG flow is the cooling of cooked starches (rice and noodles).

e The "Temperature Danger Zone" (5°C - 60°C): Park et al. (2018) analyzed a decade of school
outbreaks and found that time-temperature abuse during cooling caused 65% of B. cereus
poisonings. In large-scale MBG pots, the center of the rice mass can remain warm for up to 8
hours, even if placed in a refrigerated room.

e Spore Germination: Cooking kills vegetative bacteria but "shocks" Bacillus cereus spores into
germinating. As the rice cools slowly in non-insulated containers, these spores produce emetic
toxins. These toxins are heat-stable, meaning that subsequent reheating before serving at the
school level will not deactivate the poison (Rocha et al., 2022; Smith et al., 2022).

3.5. The Packaging Stage: Migration of Synthetic Toxins
Packaging for MBG acts as a chemical interface between the food and the environment.

e The Migration Factor: Many decentralized providers utilize single-use plastics or low-grade
styrofoam to reduce costs. The review of Rahman & Islam (2021) and MKMI (2021) confirms
that when hot food (above 70°C) is placed in non-food-grade containers, Phthalates and
Bisphenol A (BPA) migrate into the meal.

e Moisture Trapping: Packaging "Hot Rice" immediately after cooking creates a micro-
environment of high humidity. This acts as an "incubator” for any surviving spores, keeping the
food in the danger zone during the transition from the kitchen to the distribution vehicle (Tan
et al., 2021).
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3.6. Delivery Radius and The "Golden Hour' of Safety

The systematic review establishes a direct correlation between "Kilometers Traveled" and the
"Toxicological Load" of the meal.

e The 5-Kilometer/1-Hour Rule: Results from Food Policy (Borch et al., 2016) and WFP (2023)
suggest that for non-insulated transport, the safety radius is strictly limited to a 1-hour travel
time.

e The Indonesia Challenge: In rural Indonesia, the "Delivery Radius" often extends to 15-20 km
over rough terrain. Sinta 1 research (Jurnal Gizi dan Pangan, 2022) indicates that during this
transit, food temperatures often drop from 70°C to 45°C—the "Sweet Spot" for the rapid
multiplication of Clostridium perfringens (Smith et al., 2022).

e Vibration and Structural Integrity: Prolonged delivery on motorbikes or open trucks leads to
"physical contamination" and the breakdown of food structure, increasing the surface area
available for bacterial colonization (Soon & Wallace, 2019).

; v RSN <
: SAFE TEMPERATURES

=y —o-— i Whala Priitry -
Ik .
167F —p— T in % .
B | 1
- F
L7 T — b Ty %
it t A &
3 140°F 5 i L =
T DANGER Bacteria grow
3 ZONE within these
5 23F ’ - 5T @ temperatures

i il |3
20.8°F m—t— |k

lf— -4
ME |-Chilled Fods | S a
32°F memjmme (L e 0"C S
-+
R l b s -8°C  Frozen Foads

3.7. Toxicological Profiles: The Culinary-Chemical Matrix

The results from the 20 journals allow for the construction of a comprehensive map of toxins
specifically induced by culinary failures in the MBG program.

3.7.1. Biological Pathogens Induced by Kitchen Technique
e Bacillus cereus: Caused by slow cooling of bulk rice (The "Fried Rice Syndrome").

o Staphylococcus aureus: Introduced by culinary staff during manual plating/portioning after the
cooking process is finished (Soon et al., 2020).

¢ Clostridium perfringens: Found in thick sauces or Semur held in deep containers that prevent
oxygen from reaching the center, allowing anaerobic growth during transport.

3.7.2. Chemical Toxicity: The "Cookware" and "Procurement" Risk
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e Heavy Metal Migration: Rahman & Islam (2021) and MKMI (2021) provide evidence that
using non-food-grade aluminum pots for acidic Indonesian dishes (like Sayur Asem) leads to
significant leaching of Lead (Pb) and Cadmium (Cd).

e Pesticide Residue Accumulation: Ameen et al. (2023) highlight that bulk procurement of
vegetables for school meals often skips the "Sanitary Wash" phase.

e Acrylamide: In mass frying of Tempeh or potatoes, high-heat and reused oil lead to acrylamide
formation, a potential carcinogen (Ondarza et al., 2022).

SUMMARY OF TOXICOLOGICAL RISK BY PROCESS STAGE

Pri Culi
Stage rumary WA | dentified Toxin/Pathogen ||(Q1/Sinta 1 Evidence
Technique
Pesticide  Resid A t al. (2023); MKMI
Input Bulk Procurement esticide estaue meen et al. ( )

Salmonella (2021)

Aflatoxins / Cross-||Ezekiel et al. (2021); Soon

Storage | Bulk Stacking contamination (2020)

Cooking ||Large-batch Boiling B. cereus (Spore survival) ||Park et al. (2018); Rocha (2022)

Packaging||Hot-sealing Plasticizer Migration (BPA)|[Rahman & Islam (2021)

C. perfringens|[Jurnal Gizi & Pangan (2022);

Deli Non-insulated Transit
chivery | Non-insufated ransi Multiplication Smith (2022)

The results demonstrate that the Makan Bergizi Gratis (MBG) program is a race against time and
temperature. The toxicological risks are not static; they escalate as the food moves from the "Cold
Storage" to the "Culinary Heat" and finally into the "Packaging Incubator." For Indonesia, the "Delivery
Radius" remains the most significant unaddressed variable in the current policy, where geographical
challenges directly dictate the safety profile of the nutritional intervention.

The systematic review of 20 high-impact Scopus and Sinta 1 articles reveals that mass-scale food
poisoning is rarely a random anomaly; rather, it is the predictable outcome of "Culinary Fault Lines".
In the context of Indonesia's MBG program, solving these issues requires moving beyond basic
sanitation checklists and adopting the rigorous physics and biochemistry of professional Cookery
Science.

3.8. Thermal Death Time (TDT) vs. Sensory Quality: The Palatability Paradox

As identified in the toxicological matrix, thermal processing is the primary defense against vegetative
pathogens like Salmonella and Campylobacter. However, applying heat in mass catering introduces a
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profound operational conflict: balancing biological safety with the sensory quality required for children
to actually consume the food.

3.8.1. The Mathematical Rigor of Thermal Processing

To ensure microbiological safety, the core temperature of proteins must reach a minimum of 75°C for
a sustained duration. In food science, this is calculated using the Thermal Death Time (TDT) and the
D-value (decimal reduction time). The relationship for achieving a safe microbial reduction is expressed
as:

t- D x (log No - log Ny)

where t is the time required, Ny is the initial microbial population, and N is the target safe population
limit.

In a central kitchen environment executing the MBG program, achieving this precise equation in a 100-
liter pot of Semur Daging (Indonesian beef stew) is thermodynamically challenging. The synthesis of
Park et al. (2018) indicates that the volume of such pots creates a severe "thermal lag". While the surface
liquid reaches a rolling boil, the "Cold Core" of a large meat batch frequently fails to reach 75°C for the
required time, allowing pathogens to survive the cooking process.

3.8.2. The Sensory Quality Dilemma

The intrinsic goal of the MBG program—combatting child malnutrition and stunting —is completely
negated if the food is rejected by the recipients.

e Over-processing Risks: To compensate for the "Cold Core" hazard, under-trained staff often
over-boil meals. This over-processing destroys the cellular structure of vegetables, leaching
water-soluble vitamins and degrading chlorophyll, resulting in an unappetizing appearance.

¢ Chemical Toxin Formation: Conversely, utilizing excessively high heat to speed up mass frying
(e.g., for Tempeh) facilitates the formation of acrylamide, a potential carcinogen identified in
the results of Ondarza et al. (2022) .

Therefore, "fear-based overcooking" is not a viable safety strategy. The MBG program must mandate
Precision Cookery, transitioning from visual cues to the use of calibrated digital probe thermometers to
ensure TDT equations are met without sacrificing the meal's nutritional and sensory integrity.

3.9. Mass Production Complexity: The Blanching and Chilling Trap

The findings in Section III highlighted that Bacillus cereus is the most critical threat in mass-produced
starches. This threat is directly exacerbated by the "Scale Effect" in professional cookery, particularly
regarding the mismanagement of blanching and chilling techniques.

3.9.1. The Physics of Bulk Blanching

Blanching is a foundational culinary technique intended to deactivate degrading enzymes and reduce
surface microbial loads. However, in the massive scale of MBG, "Crowded Blanching" becomes a
toxicological trigger. When massive quantities of raw vegetables are submerged into boiling water, the
sheer volume drops the water temperature drastically. If the kitchen equipment lacks the British Thermal
Unit (BTU) output to rapidly recover the boil, the water lingers in the 5°C to 60°C range. Instead of
sanitizing the produce, this creates a warm incubation bath that can trigger the germination of bacterial
spores.
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3.9.2. Chilling Dynamics and Spore Germination
The most severe culinary failure identified in this systematic review is the cooling phase.

e The "Fried Rice Syndrome" Mechanic: Cooking kills vegetative bacteria but essentially
"shocks" Bacillus cereus spores into a germinative state.

e The Incubation Window: In large-scale MBG operations, 50-kilogram batches of cooked rice
are often left to cool in ambient kitchen temperatures. The center of this rice mass retains heat
for up to 8 hours.

e Toxin Stability: During this slow cooling process, the spores multiply and excrete emetic toxins.
Crucially, these toxins are heat-stable. This means that even if a rural school attempts to mitigate
risk by reheating the rice before serving, the active poison remains intact, leading directly to
acute gastrointestinal outbreaks.

Without industrial "Blast Chillers", which force rapid temperature drops through the danger zone , the
widely used "Cook-Chill" method in Indonesian decentralized kitchens effectively operates as a "Cook-
Incubate" method.

3.10. Kitchen Infrastructure: The Sinta 1 Perspective on "Food Flow"

A critical analysis of current MBG implementation requires scrutinizing the physical infrastructure
where the culinary flow occurs. Literature indexed in Sinta 1 reveals that a vast majority of decentralized
school kitchens in Indonesia fundamentally fail to meet standard structural requirements for mass
catering.

3.10.1. The Failure of Unidirectional Flow

The gold standard of professional cookery and food safety is the Unidirectional Food Flow (Linear
Flow). This architectural principle ensures that raw, unwashed ingredients never cross paths with
cooked, ready-to-eat meals.

e The Backtracking Hazard: In cramped or repurposed Indonesian school facilities, culinary
staff frequently "backtrack" carrying raw poultry through areas designated for plating. This
infrastructural deficit makes the cross-contamination risks identified in Section 3.2.1 almost
unavoidable.

¢ Surface Vulnerabilities: Sinta 1 research (MKMI, 2021) highlights that porous wooden cutting
boards are still widely used in decentralized school kitchens, harboring pathogens like Listeria
and Sa/monella deep within knife scores where manual washing cannot reach.

3.10.2. Biofilm Persistence and Zoning

The high ambient humidity of Indonesian kitchens, combined with poor drainage zoning, creates an
ideal environment for bacterial biofilms. Scopus Q1 research by Soon & Wallace (2019) explains that
bacteria form highly resilient biofilms on stainless steel preparation tables within minutes of contact. In
a high-pressure MBG environment, if infrastructural layouts do not enforce strict separation between
"wet/raw" processing and "dry/cooked" assembly, the risk of a mass cross-contamination outbreak
approaches 80%.

3.11. The Role of the Executive Chef: "Managerial Toxicology"
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The final pillar of this discussion addresses the human element of mass feeding. The literature clearly
indicates that the presence of modern equipment is irrelevant without competent human oversight. The
role of the "Chef" in the MBG program must evolve from merely a recipe executor to a manager of
Critical Control Points (CCPs).

3.11.1. Bridging the Competency Gap

In many pilot school feeding models, the staff consists of well-meaning volunteers or local workers
without formal culinary training. However, producing food for thousands of children is a high-stakes
industrial process. The "Executive Chef" role in an MBG central kitchen requires what can be termed
Managerial Toxicology:

e CCP Enforcement: Systematically verifying core cooking temperatures, documenting cooling
times, and strictly overseeing the "1-Hour Delivery Radius" established in our systematic
review.

e Menu Engineering for Safety: Developing standardized recipes that are "Safe by Design." For
example, formulating sauces with higher acidity (lowering the pH) to create a biochemical
hurdle against the rapid multiplication of Clostridium perfringens during non-insulated transit.

3.11.2. Cultivating a Food Safety Culture

The shift toward a "Food Safety Culture" is critical. A professionally trained executive chef instills a
zero-tolerance operational mindset regarding tool sanitization and temperature logs. Without this
professionalized leadership layer, the systemic risks—from the leaching of heavy metals in non-food-
grade aluminum pots to the accumulation of pesticide residues from rushed vegetable washing —will
persistently threaten the integrity of the MBG program.

V. CONCLUSION AND POLICY RECOMMENDATIONS
5.1. Conclusion: The Culinary-Toxicological Nexus in Mass Feeding

The implementation of mass school feeding programs, known in the Indonesian context as Makan
Bergizi Gratis (MBG), represents one of the most ambitious global interventions to combat child
malnutrition and stunting. Philosophically, these programs are designed as a vehicle for social justice
and human capital development. However, the systematic review of 20 high-impact articles
demonstrates that from a culinary engineering perspective, transitioning from small-scale household
cooking to mass production introduces a "Large-scale Food Hazard". In mass feeding, the kitchen is no
longer just a place of preparation but a complex manufacturing unit.

When meals are produced for thousands of recipients simultaneously, the margin for error narrows
significantly. Scholars have noted that while MBG programs successfully increase caloric intake, they
simultaneously create centralized points of failure. A single error in a central kitchen can result in an
exponential outbreak of foodborne illness, affecting hundreds of children within a single lunch hour.

Our PRISMA-based synthesis confirms that mass poisoning in institutional catering is rarely a random
biological accident; rather, it is the predictable outcome of specific culinary technique failures. The
most critical "culinary failure" in mass feeding is often the post-cooking phase. The "Temperature
Danger Zone" (5°C to 60°C) is where spores like Bacillus cereus and Clostridium perfringens germinate
and produce heat-stable toxins. Furthermore, the lack of systematic integration between the HACCP
protocols used in 5-star kitchens and the rudimentary cooking facilities often found in local school
environments exacerbates both biological and chemical toxicological risks. To mitigate these risks, this
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review proposes a concrete "Safe-Cookery Framework" specifically tailored for the Indonesian MBG

program.

5.2. Policy Recommendation I: The Architectural and Material Mandate

The first pillar of regulatory reform must address the physical environment in which the MBG meals

are produced. The government must legally mandate an infrastructural baseline that eliminates the
physical vectors of toxicity.

Eradication of Porous Preparation Surfaces: According to Sinta 1 research, porous wooden
cutting boards harbor pathogens like Listeria and Salmonella that survive standard manual
washing. In a high-pressure MBG environment, if tools are not sanitized between raw protein
processing and vegetable preparation, the risk of a mass outbreak reaches nearly 80%. The
Ministry of Health must mandate the exclusive use of color-coded, high-density polyethylene
(HDPE) cutting boards in all MBG central kitchens.

Mandatory Food-Grade Cookware (Chemical Mitigation): A critical finding in local literature
reveals that using non-food-grade aluminum pots for acidic Indonesian dishes (like Sayur
Asem) leads to significant leaching of Lead (Pb) and Cadmium (Cd). Policy must strictly
prohibit the use of recycled metal or low-grade aluminum cookware, enforcing the use of 304-
grade stainless steel for all thermal processing units.

The Unidirectional "Linear" Kitchen Flow: To prevent the deadly crossover of pathogens from
raw poultry to ready-to-eat vegetables, kitchen layouts must be structurally audited. Facilities
must demonstrate a one-way food flow from the receiving dock to the packaging station,
preventing the "backtracking" that leads to severe cross-contamination.

5.3. Policy Recommendation II: The "Golden Hour" and Spatial Decentralization

The logistical realities of Indonesia's archipelagic and rural geography dictate the safety profile of the
nutritional intervention. The systematic review establishes a direct correlation between "Kilometers
Traveled" and the "Toxicological Load" of the meal.

Enforcing the 1-Hour / 5-Kilometer Radius: Results from Food Policy and WFP reports suggest
that for non-insulated transport, the safety radius is strictly limited to a 1-hour travel time. In
rural Indonesia, the "Delivery Radius" often extends to 15-20 km over rough terrain. During
this transit, food temperatures often drop from 70°C to 45°C—the "Sweet Spot" for the rapid
multiplication of Clostridium perfringens.

Decentralized Satellite Kitchens: To adhere to this radius, the government must abandon the
"Mega-Kitchen" model in rural districts. Instead, funding must be diverted to building micro-
satellite kitchens within a strict 5-kilometer radius of target schools, ensuring that the "Pot to
Plate" lag time never exceeds the biological safety limits of the Temperature Danger Zone.

Insulated Transport Mandate: If transit exceeds 30 minutes, policy must dictate the use of active
thermal-retention boxes. Packaging "Hot Rice" immediately after cooking creates a micro-
environment of high humidity. This acts as an "incubator" for any surviving spores, keeping the
food in the danger zone during the transition from the kitchen to the distribution vehicle. Only
thermally regulated transit can arrest this incubation.

5.4. Policy Recommendation III: A Bespoke HACCP Blueprint for MBG Central Kitchens
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This review provides a blueprint for policymakers and culinary professionals to ensure that the MBG

initiative achieves its nutritional goals without compromising child safety. The following is a

customized Hazard Analysis and Critical Control Point (HACCP) framework designed for the specific

operational realities of Indonesian school feeding:

5.4.1. CCP 1: Procurement and Receiving

The Hazard: Raw poultry and local eggs are the primary vectors for Salmonella enterica.
Furthermore, the shift toward local "backyard" farming increases the risk of antibiotic-resistant
strains entering the kitchen. Bulk vegetables often carry organophosphate residues.

Critical Limit & Action: All incoming vegetables must undergo a mandatory "Sanitary Wash"
phase using standardized, food-safe surfactants to remove pesticide residues. Proteins must be
temperature-checked upon arrival (must be below 4°C).

5.4.2. CCP 2: Bulk Dry Storage

The Hazard: Improper ventilation in Indonesia’s high-humidity environment leads to the rapid
growth of Aspergillus flavus. Aflatoxins are a persistent, invisible threat in school feeding
programs where starchy inputs are stored in bulk without moisture control.

Critical Limit & Action: Mandate the use of hygrometers in dry storage rooms. Humidity must
be maintained below 60%, and all starches (rice, corn) must be stored on raised pallets at least
15 cm off the floor to prevent moisture wicking.

5.4.3. CCP 3: Thermal Processing (Cooking)

The Hazard: While adequate cooking (reaching a core temperature of 75°C) is essential to
destroy vegetative pathogens, improper heat distribution in massive industrial pots often leads
to "cold spots". The "Cold Core" of a large meat batch or thick sauce may not reach the required
75°C for the 2 minutes necessary to kill Salmonella and Campylobacter. Conversely, high-heat
and reused oil lead to acrylamide formation.

Critical Limit & Action: Kitchens must completely abandon visual-cue cooking. Standard
operating procedures (SOPs) must legally require the use of calibrated digital probe
thermometers to verify core temperatures. Frying oils must be tested daily for polar compounds
and discarded to prevent carcinogenic degradation.

5.4.4. CCP 4: The Cooling Phase (The Ultimate Bottleneck)

The Hazard: Cooking kills vegetative bacteria but "shocks" Bacillus cereus spores into
germinating. As the rice cools slowly in non-insulated containers, these spores produce emetic
toxins. These toxins are heat-stable, meaning that subsequent reheating before serving at the
school level will not deactivate the poison. In large-scale MBG pots, the center of the rice mass
can remain warm for up to 8 hours.

Critical Limit & Action: It is imperative to enforce the "Shallow Pan Rule." If industrial blast-
chillers are unavailable, bulk starches must be spread into food-grade stainless steel pans no
deeper than 5 cm. This maximizes surface area and accelerates the cooling process, forcing the
food through the Temperature Danger Zone (60°C to 5°C) in under two hours.

31



,,,,,,,,,,,,,,,,,,,,, Vol. 12 No. 1 (2026): Jurnal Manajemen, Pariwisata dan Logistik

5.4.5. CCP 5: Packaging Material Integrity

e The Hazard: Many decentralized providers utilize single-use plastics or low-grade styrofoam
to reduce costs. When hot food (above 70°C) is placed in non-food-grade containers, Phthalates
and Bisphenol A (BPA) migrate into the meal.

e Critical Limit & Action: The government must ban polystyrene and low-density plastics for
MBG distribution. All meal boxes must hold explicit "BPA-Free" and "Hot-Food Safe"
certifications to prevent the chronic chemical poisoning of the child demographic.

5.5. Policy Recommendation I'V: Human Capital and "Managerial Toxicology"

The most sophisticated kitchen infrastructure will fail without competent human management. This
"Global Culinary Challenge" necessitates a shift in focus from mere nutritional adequacy to the rigorous
application of Professional Cookery Science.

e Elevating the Executive Chef: The government must redefine the role of the MBG kitchen lead.
They must not simply be a "cook," but an accredited "Manager of Critical Control Points."

e Mandatory Certification: Prior to securing a government contract to produce MBG meals, the
kitchen leadership must pass a rigorous certification in "Managerial Toxicology" and Food
Safety Culture. They must understand the biochemistry of spore germination and the
thermodynamics of heat transfer.

e Eradicating the "Volunteer" Reliance: While community involvement is socially beneficial, the
scientific reality is that mass catering requires industrial precision. The program must budget
for highly trained, professionalized staff to execute these daily toxicological defense protocols.

5.6. Future Directions and Final Remarks

The findings of this systematic review clearly indicate that the toxicological risks are not static; they
escalate as the food moves from the "Cold Storage" to the "Culinary Heat" and finally into the
"Packaging Incubator".

Future research must prioritize the development of localized "Safe-by-Design" recipes—such as
integrating natural antimicrobial agents (e.g., specific Indonesian herbs with low pH) into the MBG
menu to create biochemical hurdles against rapid bacterial multiplication during transit. Furthermore,
the integration of Internet of Things (IoT) technology to provide real-time, digital temperature tracking
during the "Golden Hour" of delivery will be the next critical evolution in securing the MBG supply
chain.

By implementing this rigorous, scientifically grounded framework, the Indonesian government can
ensure that the Makan Bergizi Gratis program fulfills its noble mandate of fostering human capital
without inadvertently triggering a public health crisis.
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