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Studies on the Simplification of Quality Evalution of Satsuma
Mandarin (Citrus unshiu Marc.)
I. Relation between pH Value and Free Acid Contents

of Satsuma Mandarin

Akira Osuro and Takashi Isuipa

Shizuoka Citrus Experiment Station, Shimizu, Shizuoka

Summary

A research work was conducted to find out the ability of pH meter value applying
simplified physical method in stead of a chemical method applying the titrated acid
contents in Satsuma mandarin fruit.

Then nitrogen, phosphate, potassium and combined acid contents in fruit juice
‘were measured to research the causes of their dispersions as well as a relation of
pH value and titrated acid contents, and an analysis of these relations was tried.

In addition to that, in order to know if sense factor to acidity is influenced by
pH or by free acid contents, citric acid and potassium citrate were mixed and the
organoleptic test was carried out. And the relation of acidity between pH and free
acid contents was investigated.

The results were as follows :

1. In case of applying the regression straight line and the second regression
curved line to estimate free acid contents from pH value, an error of about +0.2—0.3%
acid contents was measured. Therefore it is difficult to estimate exactly the relation.

2. A high positive correlation coefficient in the regression line was recognized in
the relation between pH value and combined acid contents/free acid contents.

In any area or strain of satsuma mandarin, the slope and the constant articles
agreed almost respectively.

3. The residual free acid % in the relation of pH and free acid contents was
larger in order of phosphate, nitrogen, potassium, combined acid and particularly
when the combined acid, potassium contents were increased, the positive residual
was caused, and when they were decreased, the negative residual was given rise.

4, A high positive correlation was obtained between the combined acid contents
and the potassium contents. Particularly in sweet summer orange the correlation
coefficient was 0. 922,

5. A low negative correlation was obtained between the free acid and nitrogen
contents. The free acid contents could only explain as much as about 23% (at the
coefficient of determination R%2=0.233) in N,P,K contents in fruit juice.

6. Particulary 0.64, a high positive correlation coefficient value was obtained
between pH and nitrogen contents.

The determination coefficient of 0.51 for pH value was obtained by nitrogen,
phosphate and potassium contents, therefore pH value could explain about a half by
the nitrogen, phosphate, potassium contents.

7. At the same citric acid content, when citric potassium was added more, the
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acidity was softened a little.

= ¥

At the same pH value, high citric acid contents strengthened acidity naturally.

So far as this experiment was conducted,

even if pH value was changed by

additional citric acid potassium, the influence of the free acid contents on acidity

was greater than that of pH value.
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acid contents
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Table 1.
free acid contents.
(Dec. Ith. harvesting)

Simple correlation between pH value and

Area Strain n r Regression equation
Kusagaya Sugly.ama 45 | —0.641] y=—0.604 z+3.038
Owari 45| —0.724] y=—0.708 x+3.362
YVamakiri Sugly.ama 45 | —0.831| y=—0.981 x+4.420
Owari 45 | —0.816| y=—0.852 z+3.894
Yoshiwara Sugly'ama 45 | —0.906| y=—1.1752+5.044
Cwari 45 | —0.828 y=—0.934 z+4.220
EEFE L.

—F, SfkomR® y=—0.893 4. 068 » EIEHEE
fiE Y. O« DFREWEHEMR e. & FHX, £RHO pH
LOBARERE LI LSS, SEOERHEERE Y, 25
Delk, £0.3% LRABNDEDLE 4B, £0.2%
DLOWX, BRYOEFEEDL EBbhi. ¥, &
HIXK 4T FFTH O

pH EAMENES TIES DWW T B FIE-HZL,
ERoERERE Y, & Tk, B0EF, BuESTES
DWTWAHEr A, Erag-fikonigie Y. &
T, EOfEFERLE.

PHE HAB/BEHE L OBFR Bk Am/ 3
HiRs Y, MENC pH 2 20T vy b LICHARYX 2
ThHD. FHX-ZRFECOMRREE 3FIR LN,
ABEIRE y IR L, R b, EEUH b izE A
L —EThot.

Hrvav n=21, £=0.318, 7=3.42) TI}, y=
2.92641.541 %, »=0.922 %R L7

BEBHBSCOCT R1DOHEFIHOEE

s -
[=PLA

Table 2. Population mean 7, and 95% confidence section of observation value ¥,
\ & | 80 | sz | a4 3.6 3.8 4.0
Y,=—0.602 x+3.034 1.23 1.11 0.99 0.87 0.75 0.63
Upper limit of 7, 1.33 1.17 1.02 0.89 0.79 0.70
Kusagaya-Sugiyama Lower limit of 7 1.13 1.04 0.95 0.84 0.70 0.55
Upper limit of ¥, 1.47 1.34 1.21 1.09 0.97 0.86
Lower limit of y, 0.98 0.88 0.76 0.64 0.52 0.39
Y,=—0.9342+4.223 1.52 1.29 1.05 0.82 0.58 0.35
70 U 1.57 1.31 1.07 0.85 0.64 0.43
Yoshiwara-Sugiyama 7 L 1.47 1.25 1.03 0.78 0.52 0.26
Yo U 1.71 1.47 1.23 1.00 0.77 0.54
v L 1.33 1.10 0.87 0.63 0.39 0.14
Yo=—0.893 x+4.068 1.39 1.21 1.03 0.85 0.67 0.50
7 U 1.42 1.23 1.04 0.86 0.69 0.53
Total 7 L 1.36 1.19 1.02 0.84 0.66 0. 46
o U 1.62 1.44 1.26 1.09 0.91 0.73
Yo L 1.16 0.93 0.80 0.62 0.44 0.26
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Table 3. Simple correlation between pH value and Table 5. Correlation matrix among N, P and K
combined acid/free acid contents -
(Nov. 20th. harvesting) n=48 z S. D. N P K
Area Strain n r | Regression equation N 59.8 12.3 | 1.000
R P 4.56 1.02 | 0.290 1.000
Kusagaya | ugvama | 8 0.951} y=1.954242.774 K 135.0 | 14.1 | 0.628%% 0.337* | 1.000
Owari 14| 0.975 | y=1.9582x+2.763
- % : Mean value, S.D.: Standard deviation
Yamakiri Sugly'arna 16 | 0.914 | y=1.887x42.789
Owari 18| 0.938 | y=2.036x+2.769 T, DT ENEECE LR,
Yoshiwara | Sugivama | 11 | 0.883 | y=1.804x+2.823 B 4« DEREREICE T, BEREB T, EHEX
BADOKZENER, BHEREE CIHFRE § whEEENE
DIEE R SR A B, oYo¥ (i el

EBIL /T BEIVTBHAYEREBICLED
BB LIpHBEDOBKR[CZDODWT

BITE TR L BB D S5 6 IR LI-BEK
wEHE L, Ty, To Ts, Ty O AR —HIC L, HATERE
¥R 6 IR LI RER UTERERE LTIk, 0Ok
BaE 7 RoRT

BEEBEF ORI L 7= vBIRE T pH RS,
EEBIEIETSH L 213, PH3.00 & 3.54 © 0.54 D
ERDHBERDRFEENRD LRI

Z &=

PHE #BEBOEEER

N et 1.8F K Omg 122mg 183mg 244mg  305mg 366mg | id
ggiﬁf ?jiﬁ L5, HE ombined acid 0% 0{5‘3’/5 027% 0.36% 0.45% 0.54% orle_zga;,;
##E A.B,C,D,E D& TBEWT, B Y § < o\ oL
TltTZ, T3&T4 k”C, &&&}UE |+ \ \ \ \ \ 0 1.27
ERRLIT, OMAELRETE, g L4F | ©1.09
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Fig. 5.

Table 4.
N, P, K contents respectively

Relation between free acid contents and pH value by mixing citric
acid and potassium salt (C¢H;0;K3) contents.

Relations between combined acid contents, free acid contents, pH value to

combined acid,

16 Kusagaya Yamakiri Yoshiwara . Partial Standard . he oth
: y . = o Tota regression |regression| t value the others
;rﬁe vaacllv.;ie nn—:4488 Suygalma Owari Su)‘?;ma Owari Suygalma Owari ) coefficient | coefficient|
combined acid N 0.61 0.94 0.11] 0.90 0.29] 0.29 0.63*** 1.315%x107% 0.354 2.23% by=0.043
0.31° P 0.58/ 0.50, 0.40 0.65 0.59] —0.65 0.29 2.670x ~» 0.062 0.47 R=0.716%**
0.0022* K 0.28/ 0.73] 0.45 0.81] 0.72] 0.62 0.65"* 1.309x # 0.416 2.61% R?=0.512
free acid N | —0.53 —0.13 0.03 —0.62 —0.63] 0.79| —0.41** | —0.717x1072| —0.468 | —2.74** by=1.296
1.03% P| —0.40| 0.12 —0.86 —0.71 —0.59] 0.31] —0.31 —4.550%x »# —0.245 | —1.74 R=0.483**
0.19° K 0.55 —0.29] —0.01] —0.53/ —0.19]  0.42 —0.17 0.273x # 0.205 1.18 R?=0.233
pH N 0.56/ 0.75| —0.01] 0.8l 0.76| —0.09 0.64*** 0.635x1072 0.553 4.07%%% by=2.827
3.407 P 0.33 0.3l 0.89 0.71] 0.83 —0.34] 0.49%* 4.619% » 0.333 2. 96%% R=0.716***
0.14° K| —0.52 0.73 0.02 0.73 0.58 —0.73 0.45%% | —0.010%x # —0.010 | —0.07 R?=0.513

a : Mean value
b, : Constant article

b : Standard deviation
R : Multiple correlation coefficient

R?: Coefficient of determination
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Table 6.

= MO

Citric acid contents and pH value in samples for organoleptic test

Sample
org. tm P | T T

T, Ty

1.55, 3.19 (0.46)
1.37, 3.29 (0.46)
1.20, 3.55 (0.54)
1.03, 3.69 (0.54)
1.54, 3.22 (0.54)
1.03, 2.20 (0.00)

mEH O OW >

1.54, 2.88 (0.27)
1.37, 2.96 (0.27)
1.20, 3.04 (0.27)
1.03, 3.14 (0.27)
1.55, 2.68 (0.18)
1.03, 3.00 (0.18)

1.21, 3.19 (0.37)
1.03, 3.31 (0.37)
0.87, 3.47 (0.37)
0.70, 3.68 (0.37)
0.52, 4.39 (0.54)
1.03, 3.31 (0.36)

1.20, 2.82 (0.18)
1.03, 2.91 (0.18)
0.86, 3.02 (0.18)
0.69, 3.16 (0.18)
0.53, 3.41 (0.18)
1.03, 3.54 (0.54)

() indicates citric potassium contents

T -2 -1 0 1 2
; : ; : .
Exactly Slightly The same Slightly Exactly
not sour not sour degree sour sour
Fig.6. A grading standard for organoleptic test

Table 7. The each principal effects (&) for
organoleptic test
org. i~ 1 | 2 3 4
A 0.46 a 0.40a —0.47b —0.39b
B 0.00a 0.51a —0.33b —0.18b
C 0.29a 0.35a —0.38b —0.26b
D 0.22a | 0.59a —0.50b —0.31b
E 0.8la 0.83a —0.88b —0.77b
F 1.00a 0.17b —0.33 bc —0.83¢c

The inspection of principal effects was followed by
Tukey’s method(24).

Data followed by different letters in each organoleptic
test are significantly different at the 5% level.

NEFT B (A5) 1%, pH L EHiRE & OEMREREOMEIGR
Fr=0.88T, 2D DIELOERKEVEL, BaxD
Mt e A BELTHTURDTHRI, EHoXizs
CREXRINE LTS,

BN 2 TR S (21, 22), Y v =TI @26), b
< b Tl (18), Washington navel orange ‘C Sinclair
5 (20) b AREOHE L LT\ 5.

AEEE T, pH 2 LERBEYHEET S %, F—
EFDOR—RM CORBEIFERD 5\, ki EE
HRAWTY, TOBEAEN £0.2% OBEELET DR
R ioole. $62TpH b, MRS B4 IFHICHEE
THZLIRETHS . LrLieas, EEEESL
WA, BRBITOHRRRD EBbh5.

PHEL HAM/BEEE L ORBRF

3 vRING BEEL K, Ca, Mg, Na, Mn, Zn 7¢
ExED, BRETOEENLOREBRTHLEIR
(19),

z o, [H*]=KA. CA/CS

pH=pHA Flog (CS/CA)
KA : BO@EER

CA : BEBROREE
CS : *otEOEE
TRIN5(6).

FTT, A VBEHErRWT, pHA i, ©HETHD
T Eab, pH i, CS/CA LoWETHRIZEEX,
CS: (EAm, CA: ML LC, BMANE Ry P L
Tl Zh, BLAYEBEIELRE. i, ABRKN
2, 7=vBicr=vBr ) wESLEES M20x
FEHTH B 0.16—0.52 TR & A LHEIRIR LD, —T7,
HI3EMND, £~ 1T, BLALRA—ERN, THH
BB EmbEL, pHIY, BEAR/EMBOMEC LD
TREDLZENBEBTES.

X 2o pH(y) LFEEE/ R (@) OERX
y=2.78441. 934z It 35\~ C, & L, FEEHMDOTH0.32%
B—ETH B L FET I

o’ (iEBiEER) =0. 619 (o’ (pH) —2. 784}
AESRS. X5 ERT, pH LEHBEEOK
AR AESREE LD & ERRREO D TUIDDIT S 2R L
BRIABLND ZENYRTHE LEDLRS.

BEOEEICDOWT '

B Lk 5w, HEREE Lo CEMERY pH X b
FBLIDETHENRDDOEEYETLS.

YRESFLERND OBREWERR % 13, BEBeE
2T, RLFFENDC LT TR, pH
LB ATREHERR & CIRE W HBENE G E D, BAR
MNEWBEL, EORXR, Y kil nBEris
LT LIIERTED.

RERC BT AR AHEED B 13 ol HEEAT
vk, pH klHfms L ¢ y=0.619/(x—2.784) DO fFIcrs
BT EREL, EpH TELDWTWB BT, 4
HOEIFHR X W ERPKRE L, B pH TiEbonTn
5EEATE, EMPNEL B LXHBETE .

AR, #EE, pH R4 N,P,K LOBK

Eem e NP K LoOBFRTIEANGE, BN »
VEITFCTEBEIMEELT, $BLE, Bk, K&F
BEBABBENAT VARBROTWD I EERL, W
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W5 (26) 13, YV VLRI HHEREOMBE R, 0.74
Thh, Bitho st vodTchds K O-EL,
92% KR ILZLDL, oML K OBMRIIEETSH
BHEWDTWh. IBLUANIE I T REDKEFROR
ERFEHOFMEBEBREEOELLITBLEALRT
T, TOBRIZFELWELTWS., AERIZE T,
7=0.63, H*+vHvT r=02922 ThHOL.

BAHE KECS WEOHBEEMRES S = &3k ER
=BT 5. Lirl, NEEOHEERHDZ &1X, $B5
ErarT o, K& NP LTEOHEMEDY, &4
@3)i%, ¥V v=RET, NLK LD CEEEMTIED
MR BB EL, NELEEBE THDECIEDHEMY
Rl &k, NEKOHEARE G EBRFEFI LR
b,

WERkme & Bylh NP, K L oBgfRTIL, NEFHWAD
FENL bR, P.K Tz A EMETHOL. F
ERIMEL, TOMOER, HcREERAES LT
BrELLRD. EHEOTHRORHR13) T, EEE
JEE X 1/2 IR\~ T, BIEDE S 0, FBEET,
REhNY, G E L CEr»oldd, EEEERE, 1/2
WIEETR T, &HBWCADHEBERRL R,

Cumming 5 (1) /¥, NEARKI>T—REEZLD
ISR L M HERE WA L, WL pH ETEE
MAAOBFRIL S, FHEAGIEET bl 2otk
LU, WEET S BRETEEREOBRIEETHD,
KFEHL, BEBROBPLIFHBOT I/ {bickbEl
Twb. FEGIZ, BN 2 vOFEZMCE VT,
WHAEDICONELIRDEEINDT IV BO—FETH
270 Y VRHRD I WEEMNED L DL FEREE
TW5.

#7:, Rockland 5 AN XIuE, »vF YRk
W, ENLEwE, KRGBRT7TIVBThEEL, £
NoXERIZ, 7IVBEEYRBETHESS EL T
5.

Dz Enb, &N ETHEREEITADBRICESZ
Ly PoELLRS. 5%, TERET I8 &N,
B ORAGRABR T HALESS H.

pH & Fid NP, K L DBEJGRTIE, NEbihEun
FEEVES hic 2 1o, pH L, K&/ SRR
KEWERTHY, BHBEINTAD, HKEBENTE
DHERH D Z ENLBARDFER THA 5. Cumming
5O, TERBWT, KEARZHETE, [HE
EBEAM L2, pH ML L, KitHEo#Mm
T, WHHBOEML D, BEBOThNRI &L ok
o & LTwb. Mattic 5 (10)1%, ‘concord’ & K

BHIZRWT, BERITHEOYD . —20 pH IZEROK S
ENBWEEEN T E LTS, LnLinis, AE
Bies v, K& pH & oBfRE, »=0.45 Lzhiz
EHBABIRITE L T, Sk, FEROBGRTERT S
DERHA 5.

VICBEIVTICBAVREEC LD EBRELE
PHiEE OEBEKCDWLT

ER (9w X s, FAROM X TR TSR © pH
CEETH. Lvl, EBris, F— pH OBBKRTD,
BoBEEC XY, BkoMmIIzERBEL, HINEG,
Pangborn (16) & AfEDO#MEL LT 5.

FIG) 1k, BROMITABRECKCIEER7~
—LEE (7 =vBEREY 100 & LIcBED 7 v — 1L
& 54~56 FIFAM) T, R\ THEAEE (68~71), Y
v, B, =2~7B (70~90) DJETRNTZ =V
BTHDELTND. IhVETI, B8, 2
= VEE, Vv =B, BEABT, KON =VvBTH5.
—F, BRirFoHss+ 1%, KGPKThsDZ LiTh
ADB(5), 7=vpEFDOKET pH S5 L, Bk
RERRE T

AEBRFERCE, AU 7= vBEECIE, pH o
135 T, BWARUCAEMNS 2Rz, 7= VBRERN
B, FhaBEETHD. FEBRACEITS pH 0%
BRIV 7= VBRETHRIEEINDS LEbID.

FINENX, FEARBOREGEWHRICO R
L, $a—A%—-RLLEEs, 77— BE/ v~
AOPRRBMMR LY RO T2 0ENDDCLERD TN
5.

Lo Lindib, NEF 14k, APCREROABRYEI
LERRELC, YED T —NEEE Vv — X TIIEEY
EZHL L, FHERSE b L pHidrt v &Ll
DERNE DL T h ZEHAD TS,

ChbDZ 3, IARFUAELFOKERENL
ez L ThHEIBLINEFUNLENEBEYRT, FDK
WEHABRE RO S LETD L, BEfTEVWIED
o

Pz bmh, AERERYELL L, A—2=v
BRREC, Tiobb, WARFTAENFALT, FOK
ENE LI BI2onT, Ticbh, pH BEL kB>
T, BEARLTF LS. —JF, BUPH, H5\3,
AEBROEEAD pH I3\ C, KEIBHEEYESITS
BRIV INVEFTANEDOBIC IO TCEAEhS LB
h5.

ZRBDTEND, ITHVEWD HRWICEIEC ST
D THIBTHT L, WRIPERTHEL, 4V



396 B o &
DIERIZEB T HEHROBEE A D —2OREL 5 2 %
DL Ebhb.

i =

I VRIS WT, (LEWFLTH LHERE Y,
X DB BENRNEETHS pH 2 — 2 -1t X 5 RE

AR ERL LD & L. 2w, pH HE5ER
LOBRRMD L &b, FOSMORERY DD
B NP K AL, ZOBIROMEIT AR A
fo. AR, BWRcE 2 2RIEETS, pll Al % it
WEHERRBED &b OIETFT 50 Mb T, ABBe
rxVRE 2= VRS ) ORARK YT L, THERE
w177, pH B & BBEER DEATRIZ D\ C DR % B3k
L.

1. pH {H2-LEHERR A HET 5D, HREEREE X
O 2 R I B TUXD A, Wih b+ 0.2~0.3%
DOEEHRET, THCHETSDZ LIIRETHS.

2. pH fii L K&/ HEREER & CIXE R EIR CE\HEBE
FRERRL, &R, £RHETL, B\, BRI, @
LAE—F L.

3. pH LiEEtER L OBIROTREGEMBEIL P,N,K,
HAEBOECRE D, Hic, BEB KeEXEE
B IECEEY, IaRicithlig0RELHT
L.

4. FiEERY, KEEWIEDHESEEFRERL, HHic,
HFvHoix, r=0922 ¢hot.

5. WEEER EEAh, NTixgoMERRbh, B
BerRZih N, P, K T2 434 (45K R*=0.233)
Uil & inholk.

6. pH IZ, RIFHN L »=0.64 X4 HEIREL
#aRL, B NP K (%53 R*=0.51) T¥5A<

I TE .

7. RU7=vBEETE, 7=V ORMED
Wb, RPBERELS, AU pH Tikz =
PEDOEZ ) BNURALBE S Bke < L.

ALBo pH O TN TIE 7= vEE D V) HEMET pH
X TE, WHRRE OM%E 2 58N pH
DIENLD X bhEdDI.

# B ZOBMEEXTHCYOT, ERRESTOR
B BEE Ui R I il i35
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