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BRIN BIOFORTIFICATION

e Hidden hunger in Indonesia: prevelence of stunting (18%, 2024), Fe
(Anemia 16.2%, 2023), and Vitamin A (19.5%, 2022)

* Potential losses due to hidden hunger: decrease productivity, quality
life, immunity, etc

,_'::"7-‘\T1t‘icipation: diverse diet, Supplementation, Fortification,
= Biofortifikasi

rtification: increasing of nutrition in the plant’s edible part
jugh plant physiological mechanisms
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saIN- BIOFORTIFICATION APPROACHES

* Plant Breesing —rs ¥ Vv
. . . . . aDpI,'Caoﬂ \
 Conventional: hybridization, chemical TR N/
. . 4o Selection of Hybrids
and/or physical mutation Apronarrk Appeosch
. . Infrtitation oimorove the | sy, _r Plant Breeding Approach
e Biotechnology: transgenic sl adesthstusf k| Vg P pm—
. \’Q”% having tralt of imroved Zn uptake
e Agronomic:
. . W
 Biological agens Q O MO
* Anorganic ferilizers ‘ W B
o Transgenic plants contain modified gene
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BRIN Rice for Indonesia

e Staple food for almost all Indonesian people (278 M people)
* Contribute to 40% calori and 30 protein intake
* Consumption/capita/year: 113 kg (2025)
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BRIN Rice Biofortification In Indonesia

e Agronomic biofortification
* Foliar: ZnSO4
 Soil fertilizers: ZnO, ZnSO4, some commercial fertilizers have Zn

enetic biofortification (Breeding)

RE ) .
.+ Conventional

* Hybridization: single cross, back cross
| ° Mutation: gamma irradiation
Introduction: from IRRI

hnology

ome Editing: BRIN
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BRIN Rice Biofortification Breeding

¥ P

Rice Breeding

J40’s to 19905 Breeding 2.0 L. -
m; I 3. __,_‘l.‘si-,.._:‘"

Local Rice Improvement ~ Green Revolution

The Mega Varieties: IR 64, Ciherang, Inpari 32 HDB

Longer growth duration:

o Semi dwarf . * bph outbreak
Agriculture 140160 days o vy oNbresk veoding: y

. Rice Self- S Rice Selt-
M L] Shu" duraunn . Bl‘:ﬂdmg: et o BI‘E‘EdIIIg }'leld. pest ﬂﬂd e
practices Tall : 145-165 cm s Vilfiiosasad resisiance to Sulliciency diseases, abiotic stresses, ?.‘~I|.||1I :: E] '1]:;'“
Yield : 4.5 ton'h ‘ st & diseases  KINAMERR) functional food (IRRI, 2022)
* Hard to soft texture B
Rice varieties  1940’s: Intan, Mas, Cahaya  1970°s: Pelita 1, Pelita 2 ~ 1980’s: TR26, IR 36, Asahan, 2000's: Towuti, Way Apo Buru, Widas, Singkil,

Citanduy, Brantas, Cisadane, IR 64 Konawe, Ciherang, Mekongga

2010°s ; Inpari 30, Impari 32, Inpari 33, Inpari 42
Shifting agriculture to Green Revolution Net importer to a self-sufficient production nation

‘I-'i 1940 to 1960’ 1980°s 1990°s to 2021

Algemeen Agricultural Research Institute Food Crops Research Center Indonesian Center for Rice Research
Proefstation Voor  Research Stations for Agriculture

den Landbow: Bogor (LP3 Sukamandi)

Agricultural

Research Institute

o . ties“ institutions involved in rice breeding history in Indonesia

//doi.ore/10.1080/15427528.2025.2575385

Food and
Nutrition Security

Inpari IR Nutri Zinc
Inpago 13 Fortiz
Inpara 11 Siam

HiZinc
Inpara 12 Mayas

BRIN

Universities
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BRIN Rice Breeding Flow in Common

MADAN RISET

DAK IROVAS]I MABIGNAL

Progeny
Selectlon

I
] Yh H My
wn, 3 % Y ”, . My

Cross, Irradiation

Multl Location
Trials

Release,
PVP,
Licence/
public &
Beyond
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o= Mutation Rice Breeding in Indonesia

* National Nuclear Energy Agency of Indonesia (BATAN) lead the mutational
crop breeding efforts.

 Some of the varieties: Atomita 1 (1982), Atomita 2 (1983), Atomita 3 (1990), Atomita
4 (1991), Cilosari (1996), Meraoke (2001), Woyla (2001), Kahayan (2003), Winongo
(2003), Diah Suci (2003), Yuwono (2004), Mayang (2004), Mira 1 (2006), Bestari
(2008), Pandanputri (2010), Inpari Sidenuk (2011), Inpari Mugibat (2012), Suluttan
. _»Unsrat 1(2012), Suluttan Unsrat 2 (2012), Situgintung (upland, 1992), Sinar 1 (2020),
\Sinar 2 (2020), Lampai Sirendah (2020), Isora (2021), Dayang Muratan (2021), Dayang
uratan 4 (2021), Payo Ngarayak (2021), Payo llik Aso (2021), Pikatan (2023), ...

o biofortified released variety as the trade mark
. ln_d nesian Agency for Agricultural Research and Development released

SO mma irradiate mutant rice varieties:

acita Agritan (2017), Mustaban Agritan (2017), Cakrabuana Agritan (2018),
Inpara 12 Mayas (2020; Hi Zinc)

X0\ §

<t ®



S5  GAMMA IRRADIATION MUTATION FOR

BRIN

BIOFORTIFICATION

* Some breeding materials (2026):

Plot Source Origin

M4
M-401 M-301 Karang Dukuh M200
M-402 M-302 Margasari M200

M-403 M-303 Margasari M300
M-404 M-304 Logawa M200
M-405 M-305 76 (Mira Mutant)
M5
M-501 M-401 Inpari IR Nutri Zinc 200Gy
M-502 M-402 Inpari IR Nutri Zinc 300Gy

/home unun

M-503  M-403 Inpari 48 Blas 200Gy o o
M-504  M-404 Inpari 48 Blas 300Gy Bre. -

M1 Lapang Pangkep e wdd
M-101 Lapang 200 Gy e
M-102 Lapang 300 Gy




BRIN Biofortified Inpari 32 HDB Mutans

* Generation M7

* Best mutant vs original variety:

* 1000 grain weight: 28.21gvs 26.40¢g
_* Fe 52.26 ppmvs 26.71 ppm
.~ Zn 53.89 ppm vs 27.01 ppm

> " Kecamatan'Baturaden

" Kabupaten Banyumas

Yol e awa Tepgahy
{ e Altitude:195.9m
B need 1 6km/h
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BRIN GENOME EDITING

* Gene of target: osVMT
* VVehicle: Crispr Cas9
e Wild variety: Kitaake (Japonica)

j’Togress: T1 to T2 mutant lines; confirming of phenotype and gene
- expression

ration ability of Indica genetic background
ity of mutant over generations
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DAK IROVAS]I MABIGNAL

mRNA OsVMT : 350
bPATGGGTGATCATGGACGCCGGCGGCAGGCGGCGGCGCCGCTGCTGGAGAAGAAGGGCA
GCACCGGCACCGGCGTGGACGATGGGTACTGCATTG I GGTGCCCCGGGTGCGTCGTCG
ACCGGCGGAAGGCCGCGAGCTACGGCATCCCCTACGGGAGCTTIICTTTGTCTGGATTGTC
ACGCTCTGCACAGCTTTACCAATATCATCATTGTTCCCCTTCTTGTACTTCATGATAAGAGAC
TTGCATGTTGCAAAAAGGACAGAAGATATTGGGTTCTATGCCGGCTTTGTGGGTGCTTCGTT

TATGTTCGGTCGATGTTTGACTTCAACTGTTTGGGGAATAGCAGC

GENOME EDITING
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Lampiran Gambar 2. Hasil elektroforesis dari RM248, RM1132, RM223, RM152, RM3331, RM17, RM247

RM248

RM1132

RMm223

RM152

RM3331

RM17

RM247

4952168 VMT2-1 MI3R_-
20_NNNNNNNANNCTTNNGGAATCTTTAAACATACG AACAGATCACTTARAGTTCTTCTGAAGCAACTTARAGTTATCA.

CAACAAAGACTAGTATTAGTACCACCTCGGCTATCCACATAGAT CARAGCTGATTTAAAAGAGTTG TGCAGATGATCCGT

GGCAGCGTGACAATCCAGACAN/

A
TTTTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTTTTAGCGC

GTGCATGCCTGCAGGTCCACAN
CGGGGTTGACGGCGTCACCCEGTCCTARCEGCGACCAACAAACCAGCCAGAAGAARTTACAGTARRARRARAGTARA
TTGCACTTTGATCCACCTTTTATTACCTAAGTCTCAATTTGGATCACCCTTAMACCTATCTTTTCAATTTGGGECGGETIGT
GGTTTGGACTACCATGAACAACTTTTCGTCATGT CTAACTTCCCTTT CAGCAAACATATGAACCATATATA

“

Nipponbare

Mekongga

63

12

Low regeneration

Low regeneration
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DAK IROVAS]I MABIGNAL

GAMMA IRRADIATED MUTANT BIOFORTIFIED
RICE VARIETY




:P Inpara 12 Mayas

L (3516/HK.540/C/12/2022)

Growth Duration :117 days after < Sl N
sowing o T
Plant growth :112-115 cm

Grain shape : Slender

[ : Medium soft
average : 4.88 t/ha

|d| potential : 8.44 t/ha g\
~ ce : Medium tolerant tc &&¥
city, Medium resistant to blast &35
: 29 ppm (brown

Sl
>
S

. |ICM
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. OTHER RELEASED BIOFORTIFIED RICE
E VARIETIES
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\J 4 Inpago 13 Fortiz
BRIN

(SK No. 990/11 November 2020)

* Yield average : 6.53 t/ha
* Yield potential: 8.11 t/ha
£ Prqtein content: 9.83 %

: ICM
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- Inpara 11 SIAM Hizinc

B

* Growth Duration : 122 days after

sowing
* Plant height :115-120cm
e Grain shape : Slender

~Texture : Medium soft

i : 4.83 t/ha
: 6,07 t/ha LR A L
: Medium resistant S SRS
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byl Inpari IR Nutri Zinc
(168/HK.540/C/01/2019)

* Yield potential: 9.98 t/ha

* Productive tiller: 18 tiller

e Textur: medium soft

-1-090 grain weight: 24.60 g

- * Avérage Zn content: 29.54 ppm

Blas 033, 073, 133, MR
arut dan Purwakarta

. |ICM
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byl igh Protein Rice

MADAN RISET
DAK IROVAS]I MABIGNAL

Inpago UNsoed Protani (skwo. ssor saoicioroz0)

Pemulia: Totok Agung DH, Agus Riyanto dan Dyah Susanti

* Inpago Protani (9.81 %) " =
* Inpago 13 Fortiz (9.83 %) e
e Unsoed P20 Tangguh (10.4 %)

Rice

Pemulia: Totok Agung DH, Agus Riyanto dan Dyah Susanti

Keunggulan Rata-rata hasil 7,30 ton/ha GKG
Potensi hasil 9,71 ttha GKG

Kandungan protein tinggi (10,74%)

Inpago Unsoed S (SK No. 336/Kpts/TP.030/5/2017)

Pemulia: Suwarto, Hartati dan Agus Riyanto

Keunggulan

+ Rata Rata Hasil 6,19 ton/ha

+ Potensi Hasil 9,40 ton/ha

« Toleran terhadap keracunan Al 40 ppm
* foleran kekeringan

* Kandungan Fe 27 ppm




- SO

BRIN ngh Anthocianine Rice

MADAN RISET
DAK IROVAS]I MABIGNAL

* Inpari 24 Gabusan
* Inpari 25 Opak Jaya
* Jeliteng



Some Lessons Learned
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Bouplot of Y vs environment
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GXE for grain Zn content

Boxplot of ¥ vs environment

i 2 3 4 5 B 7 B 8 101112 13 14 15

Erraramimant

Zn (ppm)

Boxplot of Y vs environment

i 2 3 4 5 & T B § 10 1 12 13 14 18

Erviranmmant

Zn deviation from Ciherang (ppm)

(.ETE g"%?‘!ﬁ]-%

El=Indramayu WS 2016;
E2=Karawang WS 2016;
E3=Subang WS 2016;
E4=Sukoharjo WS 2016;
E5=Sumedang WS 2017;
E6=Deli Serdang WS
2017;

E7=Serdang Bedagai WS
2017,

E8=Purwakarta WS 2017;
E9=Kediri WS 2017;
E10=Nusa Tenggara Barat
WS 2017;

Ell1=Karawang DS 2017;
E12=Kuningan DS 2017;
E13=Cilacap DS 2017;
E14=Nusa Tenggara Barat
DS 2017,

E15=Malang DS 2017.



o

) 4 /n content increase

BRIN

Inpari IR Nutri Zinc vs Ciherang

Yield (t/ha)
Zn m
(pp ) 10.00
35.00 9.00
8.00
7.00
6.00
5.00
4.00
3.00
R 2.00
“ 1.00
0.00
E8 E9 E10 E11 E12 E13 E14 E15 E10 E11
M Inpari IR Nutri Zinc  ® CIHERANG M Inpari IR Nutri Zinc ® CIHERANG
Zn Inpari IR Nutri Zinc over Ciherang (ppm)
14.00
12.00
10.00 Variation among environment is
8.00 5
existed
6.00
4.00
2.00 ' '
0.00
QO &> '\@@@%\, S 07{‘%@

Q@
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MADAN RISET
DAK IROVAS]I MABIGNAL

Phytic Acid Contradictive

Rohaeni et al. (2023)

g E

Zn (mg kg-1)
8

23.08
*WR1
WR132
L]
wR21

| L
|WRS
. Ingpari I8 Nutn Jnc

— -

.................................................................................... 2573
Cherarg
¥ ¢ Ingari 23
WR1 Sftanur ® WR26
- L]
18 ] 20 ¥4 22 23 24 25 26 7

Phytic Acid {mg g-1)

Figure 1. Scatter plot of relationship between phytic acid and Zn of rice lines and cultivars. Red lines
X, Y = mean value of phytic acid (mg g*) and Zn (mg kg™), respectively.

s not available for human body (reduce

Pearson's
Correlation 0.09 WG1000
[ " "
-1.0 -05 00 05 10
~o;*29 -0.07 Zn
ns
0.28 -0.13 -0.13 Fe
= ns ns
-0.33 022 -0.38 PA
ns ns ns
< S
A5 & @

&

nsp==005"p=<005""p=001and** p=0001

Figure 3. Pearson’'s correlation coefficients between phytic acid (PA) characters with Fe, Zn, 1000-
grain weight (WG1000), and grain yield per plant in rice lines and cultivars. Significance of correlations
indicated as ** P < 0.001; *P < 0.01; ns, not significant.

SABRAO Journal of Breeding and Genetics
55 (5) 1629-1640, 2023
http://doi.org/10.54910/sabrac2023.55.5.16
http://sabracjournal.org/

pISSMN 1029-7073; eISSN 2224-8978

PHYTIC ACID CONTENT IN BIOFORTIFIED RICE LINES AND ITS ASSOCIATION
WITH MICRONUTRIENT CONTENT AND GRAIN YIELD OF RICE

W.R. ROHAENIY?", TRIKOESOEMANINGTYAS?, U. SUSANTO?, M. GHULAMAHDI?,
W.B. SUWARNO?, and H. ASWIDINNOOR"®



BRIN Post Harvest Study

MADAN RISET
DAK IROVAS]I MABIGNAL

* Milling reduces Zn by 20%
Brown Rice* Polished Rice* * Penurunan kandungan Zn karena

A ] proses panco panen terjo pade

- Inpari IR Nutrizinc Non Pratanak 35,5+0.12 29,4+0.1° semua varietas

H Inpari IR Nutrizinc Pratanak 36,9+0.4° 28,6+0.2bc

Kandungan Zn (ppm) Beras pecah kulit dan sosoh
H Ciherang Non Pratanak 27,7+0.9b¢ 22,0+0.6¢ beberapa varietas padi

n Ciherang Pratanak 26,8+0.4¢ 21,4+0.54

30.00
B ﬁ 25.00
. unagn kukusan kandungan Zn cenderung lebih tinggi .
d ric cooker (perbedaan sangat tipis)
g 15.00
i e e vl el i
Kukusan Cooker Kukusan Cooker L m Sosoh
- Inpari IR Nutrizinc Non 16.3+0.52 16.1+0.62 10.4+0.09%f 10.1+0.39fe ’
Pratanak
PI inpari IR Nutrizinc Pratanak 17.4+0.42 16.10.12 10.60.1¢% 10.2+0.10%fs >-00
I ciherang Non Pratanak 14.6£0.30 13.5£0.1b¢ 9.440.1¢%8 9.210.6'
W ciherang Pratanak 13.0£0.4¢ 11.520.5¢ 9.0£0.1¢ 8.840.4¢ aieie
- Inpari IR Inpago Jeliteng Arumba Ciherang
Nutri 13 Fortiz
n Zn karena penanakan: Zinc
1 [0) . .
(tersisa 47%) Courtacy Kementrian Pertanian

a 39%)



Grain Zn content and soil Fe interaction

35
= 9 = : et
< < Inpari IR Nutri Zinc
= =
S .| = E - Superior yield under Fe toxicit
. 2 E perior y y
(] q c
il £ 225 - Superior Zn content in both
£ 31 o9 optimum and Fe toxic condition
S N % 20 L .
5 % Rosdianti et al., in press
0 | Q

IR64
Ciherang
o
IRG4

IR Nutrizinc
Ciherang
IR Nutrizinc

Inpari IR Nutri Zinc is prospective for Fe

toxic area

m Control mFe-L m Fe-K EControl mFel mFeK




:P EFFICACY STUDY OF FE BIOFORTIFIED LINES‘

BRIN

BADAN RISET
OAN IROVAE] MABIONAL

Tabel 2. Asupan Zat Gizi Harian, Status Gizi, Status Besi, dan Kebugaran

Hasil Sebelum Intervensi! Setelah Intervensil P
Asupan gizi/hari
Energi (kkal) 2.156.6 £764.4 1.579.7 £374.5 0.001%*
Karbohidrat (g) 260.4 £88.7 189.2 £50.9 0.001*
Protein (g) 574+21.4 ilS.GilEQ 0.01?’:‘ ° NO Fe bIOOd |ncrease, but
Lemak (g) 96,4 +40.7 70.1+17.1 0.008* . . .
Besi (mg) 6729 9.7x1.9 0.000* better N phySICaI f|tneSS
Kalsium (mg) 271.1 (140. 422) 82.2 (61. 103) 0.001*
Asam folat (ug) 163.9 =86.1 78.1+£459 0,001*
Vitamin B12 (ug) 2.7(1,3) 2.7(2,3) 0,420
Vitamin A (ug) 3255+ 168.1 203.8+ 1444 0.008%
Vitamin C (mg) 5.0 (3, 10) 5.4(2.8) 0.528
IMT/U (skor Z) 0,6+0.8 0.6+0.7 0,058
Kadar hemoglobin (g/dL) 123 =1.1 119+1.2 0.012*
Kadar ferritin serum (ug/L) 9.9 (7, 22) 10.9 (7. 31) 0.094
VO,max (ml/kg/menit) 36.1(35. 41) 36.4 (34. 39) 0.018*

INilai disajikan dalam bentuk rata-rata = standard deviasi atau median (jangkauan interkuartil). *Berbeda signifikan (p< 0.05) dengan Paired t-test
atau Wilcoxon Signed Ranks Test.

Rachmah et al. Media Gizi Indonesia (Wational Nutrition Journal). 2022 17(3): 320—329 320
https://doi.org/10.204736/mgi.v17i3.320—329

PENGARUH INTERVENSI BERAS TINGGI BESTI TERHADAP
VO,MAX SANTRIWATI PONDOK PESANTRENAIL-FAT. AK BOGOR

Effecr of High-iron Rice Intervention on FVO.max of Female Stiudents of
Al-Falalk Bogor Islamic Boarding School

Ade Salma Yunia Rachmah 1, Mira Dewil”, Evy Damayanthil, Dwinita Wikan Utami?
1 Departemen Gizi Masyarakat. Fakultas Ekologi Manusia, IPB University., Bogor. Indonesia
em* bﬂﬁ-ﬂﬂ 2 Balai Besar Penelitian Bioteknologi dan Sumberdaya Genetik. Badan Penelitian dan Pengembangan Pertanian. Kementerian
Pertanian Indonesia. Bogor. Indonesia
*E-mail: mirade@apps.ipb.ac.id
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BRIN Fe Bioavailability Study

DAN IROVAS MABIGNAL

TABLE 2. The iron content of some rice lines was observed in this study.

No. Number Genotype background Total Fe Fe Soluble Y
(Fe** & Fe?) (Fe*h) bioaccessibility
(ppm)’ (ppm)

1. F47-C Pulut siding-19 40.2 13.4 33.32

2.  5R-B B11844-MR-29-7-1 / 30.1 12.8 42.52 The Iines have gOOd Fe
BT84 bioaccecability

3.  5RC B11844-MR-29-7-1 / 31.9 11.8 36.98
Ina5 // Code

4. 10R-B Ina4/Mekongga 41.2 20.6 49.95

5. 10R-C Ina4/Mekongga 62.2 11.6 18.65

6. IR-C KDM-105-9 / B13143- 50.4 16.6 32.92
8-MR-3-KA-14 // Ina5

7. 14R-C Ini9 / Ina4 322 16.2 50.25

Note: ") Fe content on polished grain; * The Fe content on the two varieties controlled was noted based on previous research, on
Mahsuri (Anuradha et al., 2012) and IR64 (Gregorio et al., 2000). The lines ended with annotation B or C indicating the sample
collected from location B (Belitang) or location C (Citayam); Ina4 and InaS were released as swampy rice varieties and as a donor
parents for iron characters; Code, Mekongga, and Ini9 are released as elite rice varieties; BL: breeding lines, IL: Introduction lines.

Molecular Breeding of Biofortified Rice and Its
2024 Bioaccessibility on Cooked Rice

Dwinita Wikan Utami'?, Peni Lestari', Siti Yuriyah?, Endang Prangdimurti’

P R nctpsy/doi org/10.1063/5.0184006

(O) www. bringoid (} brinindonesia () BRIN Indonesia (@) brin_indonesia (D brin_indonesia
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BADAN RISET
DAN IROVAS MABIGNAL

* Germ plasm collection: 328 accessions, for Zn (Widyastuti et
al, 2024):

* 8.6 ppm (ljo Gading) - 37.93 ppm (Pare Ndele), average 24.36 ppm
(EDXRF)

6.60 ppm (Mira 1) - 21.10 ppm (Biobestari), average 11.86 ppm

Everlasting new donor sec ==

Rk L%%f‘]h]“

.‘Zrlml*ﬂ*{ppl'n) Dataset I

953% Confidence Intervals

o ' N

o w2 244 B £

Searching of new gene donors for high Fe and Zn content from
Indonesian rice varieties

Y Widyastuti!, M Santoso’, H Aswidinnoor?, Suprayogi’, E Oktaviani?, I S Dewi!,
Sobrizal®, K Y Nasution®, J Prasetyono®, S D Indrasari’, G R Pratiwi!, E Apriyati’,
Mahrup®, N Yunani!, C Suparman', I M J Mejaya', P H Sinaga', Aryanti>, TR D
Larasati®, J Mellawati®, Tasliah®, Efendi’, R H Wening'’, W R Rohaeni'’, BP M
Swamy'!, U Susanto'*

ICoSA 2020 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 752 (2021) 012057 doi:10.1088/1755-1315/752/1/012057

Fe and Zn content of various genetic background of released
rice varieties in Indonesia

W R Rohaeni and U Susanto

Indonesian Center for Rice Research (ICRR) of the Indonesian Agency for
Agricultural Research and Development (IAARD). Street 9th, Sukamandi. Subang.
West Java. Indonesia
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B‘Fi{\l Trancriptomic profiling Inpari IR Nutri Zinc vs Inpari 32 HDB

PR | B : B B |
. Differentially express genes (DEGs) 1 List of gene associated with zinc and/or metal I Up-Requlated aenes
of Inpari 32 vs Inpari Nutrizinc from seed sample 1 ion binding among the list of up-regulated DEGS | p g g
b | |
8 - - - .
: of Inpari IR Nutri Zinc vs Inpari 32 HDB from : GO Biological Processes
N , seed, leaf, shoot, and root samples I
) 5 s : Entrezgene Gene.Symbol Rapdb Description : post-embryonic developmgnt — -
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SR CHALLENGES

* Variety
* Limited amount and genetic variation for the diverse requirements (environment, people preference, etc)

* Nature of Genetic x Environment interaction; different mindset with industrial business world
No fixed value to consider high or low; depend on location and check variety
Deviation from check also vary among locations

e Adoption

* No single trait superiority is enough for adoption

"_"" \Yield: compared to the most popular high yielding variety in the location
~ « )yQuality > palatability: amylose content (soft vs hard adoption locations)

-economic

yvareness of people, entrepreneur, government

itical will (variation among regions)

ange:

temperature increase grain Zn content, but reduce yield

(measuring Fe/Zn content):

ation risk
equipment (reliability among labs)
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BRIN PROSPECT

* Advantageous: sustainable, massive, economic, practical, effective
* Increasing awareness of health concern

* Had become and hopefully continuous as governmental program and
g priprities
‘National priority program to combat stunting

ional program of MBG
mpous breeding efforts having prospective materials in the pipe
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BRIN

BEADAN RISET

’ DAN INOVASI NASIONAL

TERIMA KASIH
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